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With  this  issue  Compressed  Air  begins 
its  eleventh  year.  We  have  in  prospect 
for  the  near  future  several  changes  in  the 
appearance  and  arrangement  of  the  maga- 
zine which  will,  we  hope,  serve  to  make 
it  more  attractive  to  our  readers. 

Compressed  Air  differs  essentially 
from  most  of  the  popular  or  technical 
magazines  in  that  it  deals  exclusively  with 
one  subject  and  stands  alone  in  that 
field.  From  the-  time  of  its  conception 
it  has  aimed  to  sum  up  the  current  in- 
formation on  the  subject  of  compressed 
air  and  to  assist  in  the  discussion  and 
publication  of  such  ideas  and  suggestions 
as   may   deal    with   its   development. 

While  compressed  air  was  by  no  means 
unknown  a  decade  ago,  this  period  has 
shown  a  remarkable  change  in  the  gen- 
eral attitude  of  both  the  general  and  engi- 
neering public  toward  this  method  of 
power  transmission.  In  wide  and  dis- 
tinctive  fields   compressed   air  has   found 


its  place.      I  here  arc  still  many  opportuni- 
ties before   it   which   time   will   develop. 

Compressed  .\ir  is  not  the  organ  of 
an  experimental  sciercp;  l>ut  deals  with 
practical  subjects.  The  new^  inventions 
and  the  e.xperinients  all  h&vc  their  place 
in  our  columns  but  it  has  been  cir  con- 
sistent policy  to  deal  at  lenj/th  with  the 
practical  uses  of  this  power  and  to  in- 
clude much  that  can  be  read  with  interest 
and  profit  by  the  man  who  is  called  upon 
to  use  air  under  pressure  in  the  course 
of  his   daily  work.  y\ 

Descriptive  technical  articles  are  pub- 
lished in  these  columns  at  frequent  inter- 
vals. One  of  special  importance  is  given 
space  in  this  issue.  It  deals  with  the 
different  formulae  relating  to  the  compres- 
sion of  air  and  should  be  preserved  by 
every  engineer  who  has  to  deal  with  air 
under  pressure. 

Ten  jears  ago  it  was  an  open  question 
whether  there  was  a  sufficiently  large  read- 
ing public  among  those  interested  in  com- 
pressed air  to  support  a  publication  de- 
voted exclusively  to  that  subject.  Com- 
pressed Air  was  started  and  the  course 
of  events  has  conclusively  proven  that  it 
has  its  place.  The  growth  has  been  a 
steady  and  a  healthy  one.  The  same 
policy  in  the  conducting  of  this  magazine 
which  has  been  successful  in  the  past  will 
be  followed  in  the  year  to  come.  Effort 
will  be  made  to  increase  its  usefulness  in 
its  particular  field.  In  this  we  ask  the 
co-operation    of   our    readers. 

Suggestions  as  to  ways  in  which  the 
magazine  can  be  improved,  will  be  cor- 
dially welcome.  Its  columns  are  always 
open  to  contributions  on  any  feature  of 
the  general  topic.  If  you  have  problems 
in  the  use  of  compressed  air  regarding 
which  you  desire  assistance,  write  to  us. 
We  will  gladly  help  you  or  put  you  in 
touch  with  some  one  who  can.  Such  in- 
quiries often  prove  of  general  interest  and 
start  a  discussion  which  will  be  of  material 
assistance  to  many. 
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Wc  thank  our  advertisers  for  their  sup- 
port during  the  last  twelve  months. 
Compressed  Air  does  not  claim  a  cir- 
culation equal  to  many  of  that  of  the  gen- 
eral engineering  publications.  It  has, 
however,  this  one  advantage :  Every  copy 
goes  to  some  one  who  is  interested  in 
compressed  air.  If  you  would  reach  the 
people  who  are  looking  for  information 
on  thir  subject,  Compressed  Air  offers 
the   only  practical   medium,  7": 

Jsi 

A  Compressed  Air  Saw.     ^  7 

U.  J I 

Readers  of  Compressed  Air  may  re- 
member a  description  of  the  Redfield 
compressed  air  saw  which  appeared  in 
the  February,  1904,  issue.  We  have  had 
a  number  of  inquiries  for  that  device 
since  that  article  appeared,  the  latest  com- 
ing from  a  man  interested  in  a  northern 
Minnesota  timber  proposition.  He  con- 
templates beginning  work  at  an  early  date 
and  wants  to  use  the  very  latest  improved 
appliances.  Having  heard  of  this  saw 
in  question,  he  wrote  to  us  for  informa- 
tion. The  saw  is  built  by  the  Ashland 
Iron  Works  of  Ashland,  Oregon,  and  was 
given  its  first  practical  trial  in  the  woods 
by  the  McCloud  River  Lumber  Company, 
of  McCloud,  California. 

If  any  readers  of  Compressed  Air 
have  any  further  information  regarding 
either  this  saw  or  any  other  operated  by 
compre'ssed  air,  we  shall  be  pleased  to 
give  it  space  in  the  coming  issues  of  this 
publication.  There  appears  to  be  a  dis- 
tinct held  for  devices  of  this  nature  for 
use  in  the  western  logging  camps. 


Sea  Level  or  Lock  Canal. 


^\'it]l(nn  doubt,  the  greatest  engineer- 
ing project  of  the  present  century  is  the 
task  which  the  United  States  Govern- 
ment has  assumed  in  the  building  of  the 
Panama    Canal.      Included    in    this   is    the 


removal  of  over  ico.ooo.ooo  cubic  yards 
of  rock.  In  this  gigantic  undertaking 
compressed  air  is  bound  to  come  to  the 
fore  as  an  absolute  essential  for  the 
rapid  and  economical  completion  of  this 
part  of  the  work.  For  that  reason  readers 
of  Compressed  Air  will  find  it  of  interest 
to  keep  in  touch  with  the  progress  being 
made. 

The  last  step  has  been  the  forwarding 
by  President  Roosevelt  to  Congress  of 
the  report  of  the  Board  of  Consulting 
Engineers.  This  report  consists  of  two 
parts,  one  being  tlie  plan  of  eight  mem- 
bers of  the  Board  and  in  favor  of  the 
sea-level  canal ;  the  other  being  the  re- 
port of  five  members  of  the  Board  recom- 
mending the  canal  with  a  summit  .of 
eighty-five  feet  above  the  sea,  to  be 
reached  by  locks.  The  report  was  ac- 
companied by  a  letter  to  Secretary  of 
War  Taft  from  Chief  Engineer  Stevens 
and  the  members  of  the  Isthmian  Canal 
Commission,  with  the  e.xception  of  Ad- 
miral AI.  T.  Endicott.  'J"he  members  of 
the  Commission  and  Mr.  Stevens  en- 
dorsed the  minority  report,  which  favors 
the  eighty-five  foot  lock  canal.  Admiral 
Endicott  advocated  the  sea-level 
structure,  as  outlined  in  the  majority 
report.  President  Roosevelt's  letter  of 
transmissal  places  him  among  those  who 
favor   the   lock   canal. 

A  careful  perusal  of  the  report  makes 
it  clear  that  the  majority  has  based  its 
recommendation  on  the  belief  that  the 
greater  efficiency  and  ultimate  value  of 
the  sea-level  canal  make  it  more  than 
worth  the  extra  cost  and  the  slightly  in- 
creased time  of  construction  it  requires. 
Its  international  character  makes  the 
conditions  under  which  it  will  be  operated 
so  radically  different  from  those  of  simi- 
lar erterprises  on  a  smaller  scale  that  it 
is  hardly  fair  {'.^  judge  one  by  the  other. 
While  tile  couipletion  of  the  canal  at  as 
earl\-   a   date   as  possible  is  a   thing  nnich 
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to  be  desired,  the  question  of  a  few  years 
should  not  be  allowed  to  intt-rfere  and 
impair  the  efficiency  of  an  undertaking 
of  this  nature  which  is  destined  to  serve 
the  people  of  this  and  other  countries  for 
many  generations  to  come. 

Every  citizen  of  the  United  States,  par- 
ticularly those  who  are  interested  in  the 
engineering  projects  of  the  land,  should 
not  fail  to  become  conversant  with  the 
plans  of  construction  now  under  con- 
sideration. Through  the  courtesy  of  the 
Engineering  Record,  Compressed  Air 
will  give  in  a  coming  issue  an  illustrated 
resume  of  the  essential  features  of  the 
sea-level  canal  as  advocated  by  the  ma- 
jority of  the  Board  of  Consulting  En- 
gineers. An  abstract  of  the  plan  for  the 
lock  canal  as  proposed  by  the  minority 
will  be  given  later. 


Derivation  of  Formulae  for  Single  and  Stage 
Compression;  also,  Proof  of  Conditions 
Governing  Best  Proportioning  and  Highest 
Economy  in  Stage  Compression. 


BY    EDWARD    F.     SCHAEFER,    M.  M.  E. 


In  estimating  various  items  in  air  com- 
pression, the  usual  and,  of  course,  the 
natural  and  desirable  way  of  proceeding 
is  to  employ  formulae  which  have  pre- 
viously been  worked  out.  This  practice 
saves  time,  and  eliminates,  to  a  large  ex- 
tent, errors  that  would  be  apt  to  appear 
in  long  calculations. 

Of  all  the  equations  used  in  solving 
problems,  there  fe  hardly  one  more  im- 
portant or  more  frequently  employed  than 
that  which  expresses  the  zcork  done  in 
compressing  air  or  gas.  It  is  the  author's 
purpose  to  show  how  this  useful  formula 
for  horse-power  is  developed. 

Adiabalic  compression  occurs  when  a 
decrease  in  volume  is  attended  by  an  in- 
crease in  both  pressure  and  temperature, 
according  to  the  law : 

/jr/*^=/2Z'/'*'  =  Constant 

In  this  equation  pi  and  Vi  are  the  press- 
ure in  pounds  per  square  foot  and  the 
volume    in   cubic    feet,   respectively,   at   a 


certain  point  during  compression  or  ex- 
pansion; />2  and  z'2  are  the  pressure  and 
volume  at  another  point. 

Although  in  practice  pure  adiabatic 
compression  is  impossible — nor  is  it  de- 
sired— the  actual  compression  approxi- 
mates the  adiabatic  closely.  We  assume, 
therefore,  that  the  two  arc  identical;  in 
any  case  any  slight  error  is  on  the  safe 
side. 

In  stage  compression  the  same  assump- 
tion holds,  but  to  reduce  the  work  done 
on  the  air  and  increase  the  efficiency  of 
the  compressor  the  air  is  cooled  between 
stages  by  means  of  an  intercooler. 

Fig.  I  shows  an  ideal  indicator  card, 
EG  represents  the  vacuum  and  CH  the 
atmospheric  lines.  Beginning  at  H,  we 
find  that  air  is  sucked  into  the  cylinder 
to  C  and  at  atmospheric  pressure  pi;  at 
C  compression  begin.s — this  compression 
is  adiabatic  and  continues  to  A,  a  point 
where  the  exhaust  valves  open ;  along  AF 
and  at  the  pressure  />;  air  is  transferred 
from  the  compressor  cylinder  to  a  re- 
ceiver or  intercooler,  as  the  case  may  be. 
At  F  the  admission  valves  open,  the  press- 
ure in  the  cylinder  falls  to  pi  and  a  fresh 
charge  of  air  is  taken  into  the  cylinder. 
Thus  the  cycle  is  represented  by  the  figure 
HC.\F.  This  area  is  equivalent  to  the 
work  done  in  compressing  and  transfer- 
ing  a  cylinderful  of  air. 

Work  done  =  ACEGF  —  HCEG 
or  work    done   =   ADEC   -i-    AFGD    — 
HCEG 
But  AFGD  =  p2  f= 
and  HCEG  =  ^  Vi 
.  ' .  work  done  =  ADEC  -f  />=  Vz  —  pi  f, 
fi) 

It  remains  now  to  show  what  the  value 
of  the  area  ADEC  is  in  terms  of  pi.  Vi, 
pi  and  T'i. 

From  Calculus  we  know  that : 

ADEC  =  ^p-dv (2) 

in  which  p  represents  any  pressure  from 
C  to  A,  and  dv  any  increment  in  volume 
along  ED. 

The  law  governing  adiabatic  compres- 
sion is  : 

pv'=P^-\' (3) 

in  which  the  index  n  is  equal  to  141 

Re-writing  (3)  we  get: 


/  = 


•(4) 
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fore: 


ADEC  = 


y 


In  compressing   air   from   C   to   A,   the  Reducing  this  expression  to  a  common 

volume  changes  from  Vi  to  V2,  and  there-       denominator,    simpHfying   the    numerator, 

reducing  and   remembering   that   pi   z\  = 
pj  z'2,  we  get : 

/"  -^i  ^1"  cfz' (5)  Work  done  =      "     (/•>^^->  — /i  ^'i) 

Substituting    for    ;;    its    vahie    1.41,    the 
following  is  deduced : 

Work  done  =3.45  {p.^v.^ — /^i^'i) 
But/.  =^^-^' 

Work  done  =  3.45(^1^^1^  -  /i  ^A 

(V, "-'  \ 


=  /.'-' 


d7! 


--'1"/   ^ 


=  Pi  ^i"7  "v^"^  dv 


/i  ^i"( -T-A 


:^^^ 


2  203 


=/iZ/«(z'i-''+i— i\>-"+i)^{— «+l) 


A  ^'1"  (.,.-« 


'1'-") 


Multiply  by  (z-^i-")  ^(t'i'-") 
ADEC=-^iJ:if'^'-l\ 

« — I^  z/,"— •  / 

Substituting  tliis  result  in  equation   (i) 
we  have  : 

Work  done  =-^1^ (  ^^i!l!  - 1\ +/ 2  J/ o— / 1  J' 1 
n — i'  z/g"-'        / 

/»,  7',  z*.  "-'—;>,  z',  z/„"-i    ,    .  , 


From   equation    (3)    we  have : 

0' (;i)'"'=ff:)" 

Substituting  the  result  just  found  in  the 
above   equation,   we   have : 

Woi 


kdone=3  45/i  "'i  [(j-'j    "   —  »] 

And   this  expression,  when   reduced  by 
sing  the  value  of  n,  becomes  : 

Work  done  =  3.45  /i  <'i  [  (^)  "'''-i"!  .  .(6) 
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This  equation  expresses  the  amount  of 
work  done  in  foot  pounds  to  compress 
and  deliver  one  cubic  foot  of  free  air, 
adiabatically,  from  a  pressure  pi  to  an- 
other pressure  pi. 

By  dividing  by  Vi  the  expression  will 
represent  the  mean  effective  pressure 
(M.   E.   P.)   per  stroke,  or, 

M.E.P.=3  45a[(^-^)"-"-.J (7) 

and  therefore 

H.  P.  =  Ji4^.     M.  E.  P. 
330D0 
=  .00436  M.  E.  P (8) 


/■'  —  ^-^'S  pounds  per  square  inch 
/•=  —  14  75  +  90  =  104.75  pounds  per 
square  mch 

or  H.  P.  =  .00436  X  M.  E.  P.  -  0.169  per 
cubic  foot  of  free  air  in  single  stage 
compression. 


It  was  proved  by  F.  A.  Halsey  that  in 
proportionmg  compound  compressor  cyl- 
inders, best  results  are  obtained  by  divid- 
ing the  work  equally  between  the  cylin- 
ders, or  by  proportioning  them  so  that 
maximum    saving    in    power    is    effected 


' /rtoS£?ACTt.  c    l—zy^e. 


\A 


a^c:  i^z^T'T^ 


Z- 


^?z.  <e 


£.f^  s 


2  2  0  4 


Fic'.  2, 


-y- 


in    which    the    pressures    are    reduced    to 
pounds  per  square   inch. 
Example  I. 

Required  the  horse-power  necessary  to 
compress  one  cubic  foot  of  free  air  adia- 
batically to  90  pounds  per  square  inch 
gauge   pressure   in   a   single-stage. 

(7) 


m.e.p.=3.45a[(;-;/»-.J 


(American   Machinist,  March   31.   1898). 
Letting 

Pi 
/i 
Pz 
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;Mr.  Halsey  found  that  for  best  propor- 
tioning 

/•i  =r,  =  v^'R (9) 

Now     -6  X  -  =  ''i  r,  =  R 
P\      Pi 

_R 

If  W/.^.  =  work  in  low  pressure  cylinder 
Wi,p.  =  work  in  high  pressure  cylinder 

then  from   (6) 

W,.^.  =3.45  /,  V,  (ri«-«-i) (10) 

W,.;,.  =  3.45/2 -^2  (^2"-''- 0 Ci) 

The  total  work  done  by  the  compressor 
is  equal  to  the  sum  of  the  work  done  in 
the  low  pressure  and  that  done  in  the 
high  pressure  cylinder,  or, 

W,.;..  +  W,.^.  =  3.45/1  V,  ('-i"-^^-!) 

-[-3-45/2^'i.('-2°-''-i) (12 

/l^l   ■=/3"^2 

=  3-45/1^1   ('-l»''-I-f'-2''-''-l) 
0.29  0.29 

=  3.45  Pi  v^  (R^+  R^^-2) 

=  3-45  Px  ^1  (2  R°-"'— 2) 

=  6.90/1  z'i(Rf-i«-i) (13) 

The  equation  expresses  the  amount  of 
work  done  in  foot  pounds  to  compress 
and  deliver  one  cubic  foot  of  free  air, 
adiabatically.  from  a  pressure  pi  to  another 
pressure  ps  in  trco  stages. 

Dividing  (13)  by  t'l  we  get  the  M.  E.  P. 
reduced  to  the  low  pressure  cylinder. 

M.  E.  P.  =6.90/1  (RO-i«— I) (14) 

H.  P.  =  J-il  M.  E.  P.=  .00436  M.  E.  P.(ic) 
330C0  ^-^  '  ^' 

in   which   the  pressures   are  expressed   in 
pounds  per  square  inch. 
Example  II. 

Required  the  horse-power  necessary  to 
compress  one  cubic  foot  of  free  air  adia- 
batically  to  90  pounds  per  square  inch 
gauge  pressure  in  two-stage  compression. 

Fig.  2  shows  the  ideal  combined  cards 
from  a  compound  compressor. 

As  stated  above,  after  compressing  the 
air  adiabatically  from  C  to  A  the  heat 
due  to  the  compression  is  removed  by 
passing  the  air  through  an  intercooler. 
The  temperature  falls  to  that  of  the  free 
air  and  the  volume  decreases  from  A  to 
K.     K  is  tlie  point  where  the  isothermal 


line  cuts  the  line  representing  the  receiver 
pressure. 

In  equation  (13)  R  =  £» 
Pi 
pi  =  14.7s   pounds   per   square   inch. 
p^=  14.75  +  90  =  104.75  pounds  per 
square  inch. 
M.  E.  P.  =  6.90X14-75  [(7-i2r-"5— i] 

=  6.90 X  14-75  [1-329—  ']  =  33-48 

or  H.  P.  =  .00436  X  M.  E.  P.  =  G.145  per 

cubic   foot   of   free   air   in    two-stage 

compression. 

In      general,      therefore,      horse-power, 

whether  single-  or  /tco-stage,  is  expressed 

by 

H.  P.  =  .00436  M.  E.  P. 

For  single-stage  compression  : 

M.  E.  P.=  3.45/i[/|-^y"-i| 

For  two-stage  compression  : 

M.  E.  P.  =  6.90/ir/'^sy"'^'— 1I 

These  three  equations  will  be  found 
adequate  for  general  compressor  opera- 
tions and  are,  as  here  given,  in  the  sim- 
plest possible  forms. 

At  times,  however,  circumstances  are 
such  that  triple  or  quadruple  compres- 
sion is  necessary,  and  for  such  cases  the 
formulae  given  below  are  to  be  employed. 

For  three-stage   compression : 

M.  E.  P.  =  io.35/,[(^'y'""-iJ 

For  four-stage  compression  : 

M.  E.  P.  =  i3.8o/i[(^^)''-'"''-i] 

For  five-stage  compression : 

r  /  A  \  0.0.18         -1 
M.  E.  P.  =i7.25/i[(^«)        -ij 

In  general : 

0.29 

M.  E.  P.=3.45N/,[(|i'p  -ij 

in  which  N  represents  the  number  of 
stages  in  which  tlie  compression  is  to  be 
accomplished,  pi  the  intake  absolute  press- 
ure and  p3  the  terminal  absolute  pressure. 
Occasions  frequently  arise  when  it  is 
of  importance  to  be  able  to  determine 
with  dispatch  the  horse-powers  needed  to 
compress  air,  having  given  the  terminal 
pressure. 
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In  the  fornuilae  given  the  only  quantity 
necessary  is  the  terminal  absolute  press- 
ure. 

For  single-stage   compression  : 

H.  P.  =o.ioi63(/o»  — 2.183) 
For  two-stage  compression  : 

H.  P.  =  0.30043 (/>oi«_  1.477) 

For  three-stage  compression  : 
H.  P.  =0.51319 (/«»»'— 1.297) 

For  four-stage  compression : 
H.  P.  =:  0.72983 (/»•»■"— 1. 2 16) 


tl.  P.  —  Horse-power  per  cubic  foot  of 
free  air  at  sea  level. 

t>  =  terminal  gauge  pressure  in  puunds 
per  square  inch  -f   1475. 
In  general : 

These  expressions  are  applicable  to  sea 
lc7cl  conditions  onlv. 


HoRSE-PoWER    AND    MeaX    EFFECTIVE    PRESSURE      DEVELOPED      IN       CoMPKESSIXG      OnE 

Cubic  Foot  of  Free  Air  From  Atmospheric  Pressure  to  Various  Gauge 
Pressures.  Initial  Temperature  of  Air  in  E.\ch  Cvlinder  60°  F.  Jacket 
Cooling  Not  Considered. 
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If  the  horse-powers  for  altitude  con- 
ditions are  required  substitute  in  the  above 
general  formulae  the  proper  altitude  at- 
mospheric pressure  in  place  of  14.75. 

Below  are  found  formulae  giving  direct- 
ly the  horse-powers,  for  altitude  condi- 
tions, for  both  theoretical  and  practical 
conditions.  The  only  datum  needed  is  the 
elevation  in  feet. 

Let  E  =r  elevation  in  feet 

HPt  =  theoretical  horse-power 
HPf  —  horse-power    including    15    per 
cent,  friclion 

Single  Stage. 
For  60-pound  Gauge  Pressure. 
HPt  =  o  1333  —  0.000C019E 
HPp  =  0.1533  —  0.00000215E 

For  80-pound  Gauge  Pressure. 
HPt  =0.1586  —  o  0000024E 
HPf  =  o.  1824  —  0.00000275  E 

For  100-pound  Gauge  Pressure. 
HPt  =  0.1804  —  O.O0O0O29E 
HPp  =0  2075  — 0.0000032  5  E 

Two   Stages. 
For  6o-pound   Gauge   Pressure. 
HPt  =0.1177  —  0.00000 1 9E 

HP].    =  0.1354  —  0.OO30022E 

For  80-pound  Gauge   Pressure. 
HPt  =0.1374  —  0.0000024E 
HPj.-  =0.1580  —  0.00000275  E 

For  loo-pound  Gauge  Pressure. 
HPt  =  o  1535  —  0.0000028D 
HPk  =  o  1765  —  0.0000032E 

For  i25-])oun(l  Gauge  Pressure. 
HPt  =0  1708  —  000000325E 
HPp  =  0.1964  —  o  0000037E 

For  150-pound  Gauge  Pressure. 
HPt  =  o.  1859  —  0.0000036E 
HPp  =  0.2138  —  0.0000042E 

The  preceding  formulae  were  employed 
in  securing  the  data,  represented  in  graph- 
ical form,  in  Fig.  3  to  Fig.  7,  inclusive. 

Fig.  3  gives  the  mean  effective  press- 
ures and  horse-powers  for  single-stage 
operations  in  adiabatical  compressing 
and  in  delivering  one  cubic  foot  of  free 
air  from  atmospheric  pressure  to  various 
gauge    pressures.       In    these    calculations 


it  was  assumed  that  the  temperature  of 
the  intake  air  was  60  degrees  Fahrenheit, 
which  is  the  normal  condition.  Curve  A 
given  the  theoretical  horse-power  neces- 
sary without  considering  fractional  losses. 
In  curve  B,  however,  we  find  an  allowance 
made  for  friction.  The  extra  horse-power 
necessary  when  considering  the  work  con- 
sumed by  the  movement  of  the  piston, 
crosshead  and  crank-pins,  etc.,  is  less  than 
15  per  cent.,  but  we  allow  15  per  cent,  to 
be  on  the  safe  side.  Curves  C  and  D 
represent  the  M.  E.  P.  for  theoretical  and 
for  frictional  conditions,  respectively. 

Fig.  4  represents  also  the  horse-powers 
and  M.  E.  P.s  for  both  theoretical  and 
actual  conditions.  It  is,  however,  devoted 
to  two-stage  compression  and  the  initial 
temperature  of  the  air,  as  it  enters  both 
the  low  pressure  and  high  pressure  cyl- 
inders, is  taken  as  60  degrees  Fahrenheit. 

Fig.  5  shows  the  per  cent,  of  work 
saved  in  compressing  air  from  atmos- 
pheric pressure  to  various  gauge  pressures 
by  two-stage  over  simple  compression. 
The  values  are  found  as  follows : 
Let  a  =  work  done  in  compressing  in  one 

stage  to  pressure  p. 
Let    b  =  work   done   in    compressing   in 

two  stages  to  pressure  p. 
Per  cent,  of  power  saved  =   (a-b)   -=-  a. 

Suppose,  for  example,  that  the  per  cent. 
of  power  saving  is  wanted  when  compres- 
sing to  100  pounds  gauge.  For  100  pounds 
we  get  from  Fig.  3  0.207  horse-power, 
and  from  Fig.  4  we  get  0.176  horse- 
power. Then  (0.207  —  0.176)  -=-  0.207 
=  15  per  cent. 

Fig.  6  gives  the  horse-powers  necessary 
to  compress  one  cubic  foot  of  free  air 
adiabatically  at  different  altitudes  from 
atmospheric  pressure  to  various  gauge 
pressures  (60  pounds,  80  pounds  and  100 
pounds)  in  simple  compression.  Curves 
A.  B  and  C  include  frictional  losses  and 
A\   B^  and  C^  are  theoretical   simply. 

Fig.  7  is  identical  with  Fig.  6,  except 
that  it  is  devoted  to  compound  compres- 
sion. The  various  terminal  pressures  are 
60  pounds,  80  pounds,  100  pounds,  125 
pounds  and  150  pounds  per  square  inch 
gauge. 

The  usefulness  of  the  above  formulae 
miwt  now  be  apparent. 

In  addition  to  the  foregoing  solutions 
of  the  formulae  expressing  adiabatic  con- 
ditions, it  might  also  be  of  interest,  as  a 
basis  of  comparison,  to  know  what  forms 
the   equations   assume   when    compression 
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is  purel)-  isothermal.  The  isothermal 
compression  or  expansion  is  the  ideal.  It 
is,  of  course,  impossible,  but  the  actual 
state  is  somewhere  between  the  isothermal 
and  adiabatic  and  usually  close  to  the 
latter. 

As  we  have  to  deal  usually  with  work 
done  in  compression  and  transference, 
minus  the  work  done  bj'  the  atmosphere, 
the  area  or  work  is  represented  by  the 
indicator  card  Fig.  8  and  is  expressed  by: 

Work  done=CA>FHC=ECA'D'  — ECBiD> 
+  (AiFGDi— B'HGD') (i6) 


For  isothermal  compression : 


Px-"i 


•(17) 


Then  : 

ECA'D'=;>,r,   log,  (^V  .  . 

=/i''iX2.3iog6  . 

Now  ; 
iOiZ'i=CHGE     / 

p^v^  =  A'FGD'  )' 

and  since  pi  Vi  =^  pi  Vi  we  have : 

CHGE  =  A>FGD' 
or 

CHGE  — B'HGD'   = 
A'FGD'  —  B'HGD' 

ECB'D'  =  A'FHB' 

Substituting  in  (16) 
Work  done  =  CA'FHC  =  ECA'D' 

ECB'D'  -f-  A'FHB' 

Work  done  =  CA'FHC  =  ECA'D' 


•(20) 

.121) 
.    (22 


•(23) 


(24) 
(25) 


Z  £1  0 


^  /=■  s. 


fl^.    cS 


From  Calculus : 

EC.\'Di  =7z></z/ 

=jrPlll  dv 

v.. 


.(18) 


(•9) 


In  which  e  is  the  base  of  the  Naperian 
system  of  logarithms. 
From  C17") 

^2     Pi 


and  equating  with  (21) 
Work  done  =2.3/,  i\  log  (^\ (26) 

Therefore,  in  isothermal  compression 
the  net  work  of  compression  and  trans- 
ference is  equal  to  the  total  work  of  com- 
pression. 

In  isothermal  compression  the  horse- 
power necessary  per  cubic  foot  of  free 
air  will  be  the  same  if  we  employ  one, 
two,  three  or  more  stages  in  which  to  do 
the  work. 

Divide  (26)  by  Vi  and  the  expression 
will  represent  the  M.  E.  P.  per  stroke  or 
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M.  E.  P.  =  2.3/ 


Mf} 


(27) 


H.  P.  = 


144 


M.  E.  P 


33000 

=  0.00436  M.  E.  P (28) 

in    which    the    pressures   are    reduced    to 
pounds  per  square  inch. 


It  is  now  my  purpose  to  show  that  when 
ail  cylinders  are  proportioned  according 
to  the  law 

rj  =  ;-2  =  ;-3  =  etc.  =  r„=  f/R 

the  best  conditions  are  possible  and  maxi- 
mum saving  in  horse-power  is  the  result. 
(Fig.  9) 


A,+  ' 


/fi 


/n  osp/iefz,  c 


2.7T.  e. 


2211 


//^ 


«,  C  X*.  X<c  TTT^ 


Z-z 


7-i-e- 


^.F-.  s. 


fi^ff.  f 


Example  III. 

Required  the  horse-power  necessary  to 
compress  isothermally  one  cubic  foot  of 
free  air  to  90  pounds  per  square  inch 
gauge  pressure. 

/j  =  14.75  pounds  per  square  inch. 

/g  =  14.75  +  9°  pounds  per  square  inch. 

M.  E.  P.  =  2.3  X14  .75  X  log  (  ''^i^  ) 

=  28.88 
H.  P.  =  0.C0436  M.  E.  P.  =  0.1259  per 
cubic  foot  of  free  air. 


Letting : 


Assuming : 

r.  =  r.,  =  etc.  =  rn 


=  ?  R 
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We  have : 


A.  +  I  _A.+  i  ^K 

Pn  Px 

r„  =  R 
R 


n— 1 

R 


R 


From  equation   (12) 

Wmoi  =  3-4S/i  ^1  ('■i"-^'  -  I)  -{-  3-45/2  ^'2 
(;-,o.i.<.  _i)  ^  etc  +  3.45/,,  v„  {r„  0.29  _  i) 

But/i  Z/jrr/g  Z'o   =etC=/„c'„ 

W,^,,  =3.45/1  ^i[('-i»-"-i)+  ('-o"-'  -I) 
+  etc  +  (r„0-2»-  I)] 

=3-45/i^i['-i"-"''  +  'V-''  +  etc 
-f  r„  f --^  —  «] 

=3-45/i^ir{«-OV-^  +  R"'" 
r,-(«-i)0-2»— «] 

=3-45/1^1  [("-O^iO-^'  +  R"'' 


=  (« — i)o.29;j-*"  -|-(o-29  —  o.29«) 


R0.29  ^  —0.71— 0.49  n^  O 

=(0.29  «  —  0.29)  ri-*" —  (0.29  «-  0.29) 

R0.29;-^-0.:i-O.S9n_  q 

Divide  by  (0.29  « — 0.29)  r^-"" 

I  —  RO.M  jrj-0.89n  _o 

Rn»  rj-o-ss"  =  I 

;-    -0.29n-_       ^ 
^  R0.!» 

^   -0.59  n  _-  R— O.M 


rj  =R" 
r,  =  ;^-R 
=  — 0.71 /-J-'-''-  ( — 0.71 — 0.29;/) 

R0.2»^-        I.71-J;i.S9n 

=  — 0.71  ;i-'"  -f-(o.7i  -(-  0.29;/) 

'  1  '1 

=  — 0.71^^-1  ■■•-}- (0.71-)- o.29«)ri-'" 


0.71     .0.71  4- 0.29  « 

~        r  1.71     '  r  I'l 


It  is  evident  that  the  e.xpression  will 
always  be  positive.  The  differential  is  of 
an  even  order  and  positive  showing. 

^i  =  y  K 

corresponds   to  a  niininuim. 
In  other  words,  when : 

r^  =  r.,  =  r^  z=  etc  =  r„  —  "j/  R 

the  work  is  equally  divided  between  the 
cylinders  and  the  ma.xiinum  saving  in 
power  is  effected. 


Rec.vpitulation. 

pi  =  absolute  intake  pressure  in  pounds  per 
square  inch. 

//  =  absolute  discharge  pressure  in  pounds 
per  square  inch. 

N  =  number  of  stages  in  which  compression 
is  to  be  accomplished. 

M.  E.   P.T    =    theoretical    mean     effective 
pressure. 

H.  P.T  =  theoretical  horse-power. 
H.  P.p  =  horse-power  including  15  per  cent, 
friction. 

E  =  altitude  in  feet. 


For  Isothermal  or  Adiahatic  Compression. 
Horse-Power  =  0.00436  M.  E.  P.y (A) 


Isothermal  Compression  for  any  number 
of  stages. 


M.  E.  P.T  =  2.3  /,  log 


\p. ) 


.(B) 


Adiabatic   Compression. 
For  ONE  stage 

M.E.  P.T  =3-45/.  I  (J:)  -'I 
For  TWO  stages 

M.  E.  P.T  =  6.90/.  [(^  y'""  -  I J 
For  THREE  stages 

M.E.  P.T  =  io.35A  [^(^)  -'I 
h'or  FOUR  stages 

M.  E.P.T=i3-8oA  [(^^j  -I 
For  FIVE  stages 

M.  E.  P.T  =  17  25/.-  I  (^ )"■"''  -']...  .(G) 


(C) 

(E) 
.(F) 
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In   general : 


M.E.P.T  =  3-45N>,[(|:)    -''  -.].    (H 


For  150-pound  Gauge  Pressure. 

H .  P.T  =  o.  1859  —  0.C000036E (CC) 

H.  P.,.  =  0.2138 --0.00C0042F (DD) 

Stage   Compression. 
Adiabatic     Compression     for    Sea     Level       Condition  for  best  proportion 

Conditions.  y   — 

For  ONE  stage  1-3  \  v       / 

H.  P.T  =0.10163  (p,  p»  — 2.183) (I) 

Compound  Air  Compression. 
For  TWO  stages  

H.  P.T  =  0.30043  (/,    ""S  —  1.477) (T)  BY    L.    I.    WIGHTMAX.    E.  E. 

For  THREE  Stages  It   jg    ^^gll  known   that   the  heating  of 

H.  P.T  =0.51319  (/,  "■«*■  —  1.297) (K)       air  produces   an    increase   in   its   volume, 

whatever  the  source  of     the     heat.     The 
For  FOUR  stage?  hcs.x.    produced    in    a    cylinder     by    com- 

H.  P.T  =  0.72983  (/,  "•'''-= — 1.216) (L)      pression   acts   to   expand  the   air   in   that 

cylinder,   whatever  the    speed   or   rate   of 

In  general :  compression.     In  effect  this   is   equivalent 

0.2218695  ^  r    o---^  o.29~l  to  an  increase  in  the  volume  of  air  to  be 

H.  P.T  =  o.M  I  p,  >  —(14.7;;)  >"   I  .(M)      compressed   and   delivered.     This   in   turn 

(14.75)  ^    L  J  cz\\s    for    an    increase    in    the    power,    to 

compress    this    apparently    added  volume 

of  air;   or,  to  put  it  differently,  the  heat 

Adiabatic  Compression  for  Altitude  Con-      of  compression,  in  increasing  the  volume 

ditions.  of  air,  makes  it  necessary  to  carry  the  air 

Single  Stage  ^*^  ^  higher  mean  effective  pressure  in  the 

_        ,  "j  /-  ^  cvlinder.    in    order    to    secure    finally    the 

For  60-pound  Gauge  Pressure.  required   volume    of   air   at   the    required 

H.  P.T  =  0.1333  —  0.000C019E (N)      pressure  after  its  temperature  has   fallen 

H.P.F  =0.1533  — 0.0C000215E (O)      *°    ^^^^   °^   ^^^    surrounding    atmosphere, 

requiring,  therefore,   an  excess  of  power. 
For  80-pound  Gauge  Pressure.  A    consi'^deration    of   these    facts    suggests 

H.  P.T  =  o.  1586 -  0.0000024E (P)      that  _  if  some  means  be  provided   for  re- 

,_  T^              o                           „  ,^,      movmg  the   heat  of  compression  as   fast 

H.P.K  =  o.i824-o.ooooo275E (Q)      ^^   j^   j^  produced,   there  will   be   an   im- 

For  lOO-pound  Gauge  Pressure.  portant  reduction  in  the  power  required  to 

,,  Ti               o                           r-  n,       raise  a  given  weight  or  volume'  of  air  to 

H.  P.T  =  C.1804  -  0.00CC029E (R)      ^   given   pressure. 

H.  P.F  =0.2075  — 0.C0300325E (S)  When   air  is  compressed   in   a  cylinder 

Two  Stages  without  the  removal  or  escape  of  any  of 

the    heat    produced,    the    compression    is 

For  60-pound  Gauge  Pressure.  known  as  "  adiabatic."  When  compression 

H.  P.T  =0.1177 o.ooco3-'8E.  (T)      '^  carried  on  in  such  a  way  that  heat  is 

u  TJ         ^  .,r.      ..,  ^^^^^^,1.- /TT%      removed    as    fast   as   produced,   the   com- 

H.r.F  =  0.1354  —  0.C000022L    (U)  •         ■      u  •     .1  1  ))     T       ii,      c  ^4- 

''  ■'-'^  ^    '      pression    is       isothermal.       In    the    nrst 

For  80-pound  Gauge  Pressure.  case  the  air  delivered  under  pressure  will 

«   T>         ^  X,.,-      ^  ^^...^^  c-  /ir,      be  at  the  high  terminal  temperature  cor- 

H.  P.T  =0.1374  —  o  0000024 E (V)  J-         ^        .1.  i  T        tu. 

■^'^  ^  •    •  -v    ;       responding     to     that     pressure.     In     the 

H.  P.K  =  0.1580  — C.000C0275E (W)  second,  the  compressed  air  will  have  the 

For  loo-pound  Gauge  Pressure.  same  temperature  at  which  it  entered  the 

ci?  \-  cvlinder.     Adiabatic    compression    is    the 

H.  P.T  =  0.1535— 0.0000028E (X)  j.-i,.,jj  which  all  pneumatic  engineers  seek 

H.  P. F  =0.1765  — 0.0COG032E (Y)  to  avoid,  while  isothermal  compression  is 

For  125-pound  Gauge  Pressure.  ^he   inipossible   ideal.     The   actual   results 

•^  ^  "  secured   in   the  best  compressors   are   in- 

H.  P.T  =0.1708  — 0.00000325E (AA)  termediate  between   these,   but   nearer   to 

H.  P. F  =0.1964  — 0.000C037E (BB)  the  adiabatic. 
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SP££0  -  88  «  PM. 
vol..  EFF.  -  .87 


FIG.      I.        INDICATOR     C.\RD     FROM      SINGLE-STAGE     CO.MPRESSOR. 


LP.  CYL. 


5  PECO-  100  RPM 
VOL. EFT-  96. 


/■*.-*  IBSABi 


FIG.    2.       INDIC.\TOR    CARD    FROM   TWO-STAGE  COMPRESSOR  6-A. 
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Other  things  being  equal,  the  economy 
of  an  air  compressor  depends  on  the  pro- 
portion of  the  heat  of  compression  which 
is  removed  as  d'-A-eloped.  Compressor 
efficiency,  therefore,  may  be  said  to  de- 
pend upon  the  effectiveness  of  the  cooHng 
devices  adopted,  provided  what  is  gained 
here  is  not  elsewhere  wasted  in  whole 
or  part.  After  long  experience,  bitter 
alike  to  makers  and  users,  modern  prac- 
tice in  compressor  design  recognizes  only 
two  practical  methods  of  removing  the 
heat  of  compression;  jacket  cooling  and 
intercooling.  These  will  be  considered  in 
order. 

Jacket  Cooling. — .\  brief  consideration 
of  the  conditions  will  show  that  jacketed 
barrel  cooling  alone  can  be  only  a  partial 
and  very  unsatisfactory  solution  of  the 
problem  of  removing  the  heat  developed 
by  compression.  With  the  piston  at  the 
beginning  of  its  stroke,  the  maximum  cold 
cylinder  surface  is  exposed  and  the  cylin- 
der is  filled  with  air  at  its  lowest  pressure 
and  temperature.  As  the  piston  advances, 
pressure  and  temperature  increase,  while 
the  effective  area  of  cooling  surface 
diminishes ;  and  when  the  maximum  press- 
ure and  temperature  are  attained  near 
the  end  of  the  stroke,  practically  none  of 
the  cylinder  wall  is  exposed  except  on  the 
intake  side  of  the  piston ;  if  the  head  is 
jacketed,  it  alone  exerts  any  cooling  in- 
fluence. Furthermore,  throughout  the 
stroke  only  the  outside  layer  of  the  air 
can  be  in  contact  with  the  cold  surface 
and,  air  being  a  poor  conductor  of  heat, 
none  of  the  heat  from  the  interior  of  the 
air  volume  is  dissipated  in  the  cooling 
water. 

Cylinder  jacketing  is  advisable  and 
even  essential  for  keeping  the  metal  of 
the  working  parts  at  a  low  temperature, 
preventing  the  caking  of  lubricant  upon 
the  cylinder  walls,  and  other  evils  of  a 
hot  machine.  But  it  cannot  of  itself  be 
considered  as  an  adequate  solution  of  the 
problem  of  cooling  during  compression. 
However,  in  constructions  involving  the 
use  of  a  piston  inlet  tube  and  valve,  not 
only  the  barrels,  but  the  heads  and  dis- 
charge valves  are  chillled  ;  and  the  piston 
and  tube  themselves  are  kept  relatively 
cold.  The  air  enters  through  a  cold  pas- 
sage, is  in  contact  on  all  sides  with  cold 
metal,  and  the  ma.ximum  effects  obtain- 
able from  jacketing  alone  are  secured. 

Intercooling. — If,  at  each  of  several 
points  in  the  stroke  the  piston  should  be 


stopped  for  a  moment  and  the  air,  already 
partially  compressed  and  heated,  be  with- 
drawn long  enough  to  be  cooled  by  some 
external  means  to  its  initial  temperature 
and  then  returned  to  the  cylinder  to  be 
further  compressed,  it  is  evident  that  a 
fairly  uniform  temperature  could  be  main- 
tained in  the  air  volume  throughout  the 
range  of  pressures  from  initial  to  ter- 
minal. The  result  would  be  in  effect 
nearly  that  of  isothermal  compression. 
Evidently  mechanical  considerations  for- 
bid in  practice  such  repeated  starting  and 
stopping  of  the  piston ;  but  the  same  re- 
sults may  be  secured  by  carrying  on  the 
process  of  compression  in  several  cylin- 
ders, in  the  first  of  which  a  certain  low 
pressure  is  reached  and  the  air  at  this 
pressure  discharged  through  a  cooling  de- 

H.P.CYL. 


in 


VQLEFF.-  918 

FIG.     3.      CARDS    FROM     COMPRESSOR    Q-A. 

vice  to  a  second  cylinder ;  there  it  is  com- 
pressed to  a  still  higher  pressure  and  is 
discharged  through  another  cooler  to  a 
third  cylinder  for  further  compression ; 
and  so  on,  until  the  required  terminal 
pressure  is  secured.  Such  a  process,  de- 
veloped to  a  practical  working  basis,  is 
the  method  of  compression  in  multi-stage 
cylinders  which  has  become  practically 
standard  in  air-compressor  work  for  the 
higher  pressures. 

Multistage  Compression. — Theoretical- 
ly, there  is  a  gain  in  compound  compres- 
sion, whatever  the  pressure.  But  with  low 
pressures  the  saving  is  so  small  as  to  be 
offset  by  the  greater  expense  and  compli- 
cation involved  in  several  cylinders  and 
the  losses  unavoidable  in  the  operation  of 
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added  parts.  After  extended  experience, 
makers  of  air  compressors  have  fixed 
upon  70  pounds  gauge  pressure  as  the 
maximum  terminal  pressure  which  can 
be  most  economically  obtained  in  a  single 
cylinder;  and  for  pressures  from  75 
pounds  up,  they  have  adopted  compound 
compression  in  two,  three  and  four  stages, 
the  number  of  stages  increasing  with  the 
pressure.  At  high  altitudes,  however, 
with  large  volumes  and  expensive  fuel, 
this  dividing  line  maj-  come  at  a  lower 
pressure.  It  is  elastic  and  depends  some- 
what on  the  conditions. 


H.P.CYL. 


VO/..ETF. -89/ 
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FIG.    4.       CARDS   FROM    COMPRESSOR    I-C. 


In  a  compound  air  compressor,  cor- 
rectly designed,  the  cylinder  ratios  are 
such  that  the  final  temperature  and  total 
mean  effective  pressure  are  respectively 
the  same  in  all  cylinders,  and  all  pistons 
are,  therefore,  equally  loaded.  The  air 
compressed  in  the  first  cylinder  to  a 
pressure  determined  by  the  cylinder 
ratios  is  discharged  through  the  outlet 
valves  to  an  intercooler,  where  it  is  split 
up  into  thin  streams  passing  over  cold 
surfaces.  The  best  practice  provides  a 
nest  of  tubes  through  which  cold  water 
circulates,  and  over  and  betw-een  which 
the  stream  of  air  passes,  complete  break- 
ing-up  and  subdivision  of  the  stream  being 
secured  by  baffle  plates  and  the  tubes 
themselves".     A    properly    designed    inter- 


cooler havnig  suthcient  cooling  area  for 
the  volume  of  air  may  reduce  the  tem- 
perature of  the  air  compressed  in  the  first 
cylinder  to  at  least  outgoing  w.iter  tcni- 
pvralure.  {•"roin  the  intercooler  this  air, 
entering  the  second  cylinder  cold,  is  com- 
pressed to  a  higher  pressure  and  again 
reaches  a  temperature  nearly  the  same  as 
that  attained  in  the  first  cylinder.  In  two- 
stage  machines  this  air  will  be  discharged 
directly  to  the  receiver  without  further 
cooling  unless  conditions  are  such  as  to 
render  advisable  the  use  of  an  aftercooler. 
In  three-stage  machines  the  second  cylin- 
der is  know;n  as  the  intermediate,  from 
which  the  air  passes  to  the  second  inter- 
cooler to  undergo  a  second  reduction  of 
temperature,  and  thence  enter  the  third 
cylinder  for  final  compression  to  required 
pressure. 

It  is  evident  that  multi-stage  couipres- 
sion  is  in  effect  identical  with  the  the- 
oretical process  suggested  above,  in  which 
the  compressing  piston  was  stopped  and 
the  air  cooled  at  intervals  during  the 
stroke.  The  maximum  cooling  effect,  and 
therefore  saving,  is  secured  by  making  the 
intercoolers  of  ample  proportions  and  pro- 
viding for  the  splitting  up  of  the  air 
stream  into  thin  sheets  exposed  to  cool- 
ing action. 

The  discussion  thus  far  has  dealt  with 
the  theory  of  compound  air  compression, 
the  conditions  encountered,  and  the  means 
adopted  in  the  best  practice  for  meeting 
these  conditions.  General  statements  of 
the  gains  secured  by  compounding  have 
been  made.  It  remains  to  discuss  in 
detail  some  of  the  more  important  and 
specific  advantages  arising  from  stage 
compression. 

Reduced  Power. — The  accompanying 
table  (i)  gives  the  theoretical  percentage 
of  work  lost  in  the  heat  of  compression 
in  one,  two  and  four  stages,  at  various 
pressures.  In  these  figures  no  account  is 
taken  of  jacket  coolinp-.  for  the  reasons 
already  stated  ;  nor  is  any  allowance  made 
for    certain    inevitable    mechanical    losses. 

Taking  a  specific  example,  the  saving  by 
compounding  strikingly  appears.  Assume 
that  compressed  air  is  to  be  delivered  at 
a  pressure  of  100  pounds,  and  a  rate 
equivalent  to  100  final  effective  horse- 
power. Referring  to  the  table,  in  the 
second  column  the  theoretical  percentage 
of  lost  work  in  one-stage  compression  is 
given  at  38  per  cent.;  but,  because  there 
is   bound    to   be    some    radiation    of   heat. 
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this  value  will  not  be  found  in  practice 
and  30  per  cent,  may  be  assumed  as  a 
good  practical  value  for  the  loss  under 
average  conditions.  On  this  basis  it  is 
found,  in  the  present  case,  that  to  deliver 
100  horse-power  in  compressed  air  at 
100  pounds  pressure  by  one-stage  com- 
pression, the  compressor  will  require  130 
indicated  horse-power,  ignoring  mechani- 
cal losses.  Looking  now  at  column  4  of 
the  table,  the  percentage  of  loss  in  two- 
stage  compression  at  this  pressure  is 
found  to  be  17.1  per  cent.,  which  is  very 
close  to  the  value  which  will  be  found 
in  practice.  Applying  this  value,  it  is 
evident  that  to  deliver  the  equivalent  of 
100    effective    horse-power    in    air    at    100 


and  of  the  air  through  additional  sets  of 
ports,  valves,  coolers,  etc.  More  es- 
pecially is  this  true  when  the  machine 
belongs  to  that  class  of  machines  termed 
"  compound "  by  courtesy,  attractive  in 
price  through  frugal  designing,  in  which 
small  coolers,  insufficient  valve  area,  the 
use  of  a  hot  discharge  port  for  the  air 
intake,  small  ports,  etc.,  are  all  antag- 
onistic to  economy. 

Authentic  and  repeated  tests  show  that 
such  machines  may  actually  require  10  to 
15  per  cent,  more  power  per  cubic  foot 
of  air  really  delivered  than  some  well  de- 
sig:ied  simple  single-cylinder  types.  No 
more  cylinders  are  required  for  the  com- 
pound   than    for    the   simple   machine,    in 
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FIG.    5. 


FIG.    6. 


pounds  pressure,  by  two-stage  compres- 
sion, about  117  indicated  horse-power  will 
be  required.  In  this  case,  as  between 
single  and  two-stage  compression,  we 
have  a  direct  saving  in  favor  of  the  latter 
of  13  indicated  horse-power  or  10  per 
cent.  Considering  the  compression  of  the 
same  volume  to  the  same  pressure  in  four 
stages,  the  percentage  of  loss  is  seen  to 
be  8  per  cent,  from  column  6,  implying 
an  applied  power  of  108  indicated  horse- 
power. In  this  case  the  saving,  as  com- 
pared to  single-stage  compression,  is  24 
horse-power,  or  18^  per  cent.  From 
these  gains  something  must  be  allowed 
for  the  friction  of  extra  mechanical  parts 


duplex  constructions.  Yet  here,  too,  the 
economy  expected  is  only  realized  from 
high-class  designs,  generously  propor- 
tioned, and  fitted  with  large  coolers  and 
the  other  essential  refinements  of  good 
practice. 

Reduced  Strains. — When  compression 
is  carried  on  in  a  single  cylinder,  the 
difference  between  the  pressures  at  the 
beginning  and  at  the  end  of  the  stroke 
is  the  total  difference  between  initial  and 
terminal  pressures,  entailing  a  great  varia- 
tion in  strains  on  the  driving  mechanism 
and  the  structure  of  the  machine.  The 
greatest  strains  come  near  the  end  of  the 
stroke   and    are   almost   instantly   relieved 
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when  the  inlet  valves  open.  Thus  the 
terminal  strain  on  a  20-inch  cylinder  hav- 
ing 314  square  inches  area,  at  100  pounds 
pressure  will  be  31,400  pounds,  or  nearly 
16  tons.  At  100  revolutions  this  strain 
is  repeated  200  times  per  minute  and 
demands  a  very  rugged  construction.  This 
is  a  condition  not  conducive  to  easy 
operation  in  any  but  the  most  massively 
proportioned    compressors. 

In  compound  compression,  on  the  other 
hand,  the  difference  between  initial  and 
terminal  pressures  in  each  cylinder  is  but 
a  fraction  of  the  total  range  of  pressure. 
The  pressures,  furthermore,  are  partially 
balanced  in  the  several  cylinders.  The 
working  strains  on  valves  and  other  parts 
are  consequently  greatly  diminished,  re- 
sulting in  a  greatly  reduced  wear  and  lia- 
bility to  breakage,  and  securing  free  lu- 
brication and  a  noticeable  improvement  in 
the  way  of  smooth,  easy  operation  of  the 
machine.  These  are  all  facts  which  con- 
tribute to  continuous  and  satisfactory  ser- 
vice, with  the  least  possible  adjustment 
and  attention.  As  a  matter  of  fact,  com- 
pounding the  air  cylinders  transfers  so 
much  of  the  load  from  the  later  to  the 
earlier  part  of  the  stroke  that  the  maxi- 
mum terminal  strain  on  bearings  is  re- 
duced fully  45  per  cent,  over  that  in 
single-stage  compression ;  in  the  above 
case,  the  reduction  would  be  from  3,140 
"  ton-n-iinutes  "  to  1,727 — obviously  a  much 
easier  proposition  mechanically.  Misled 
by  this  point,  it  has  been  common  to  re- 
duce the  weight  and  size  of  bearings  ac- 
cordingly— a  mistake  which  will  be  evi- 
dent when  it  is  remembered  that  the  stop- 
page of  circulating  water  in  the  cooler  at 
once  raises  the  load  on  the  low-pressure 
piston;  while  a  broken  or  damaged  outlet 
valve  on  the  high-pressure  cylinder  may 
at  any  moment  throw  the  same  load  on  all 
parts'  as   in  a  single-cylinder  machine. 

Improved  Steam  Economy. — The  more 
equable  distribution  of  the  load  through- 
out the  stroke  in  compound  compression, 
just  noted,  also  aids  in  securing  a  higher 
economy  in  steam  consumption  at  the 
lower  end  of  a  "  straight-line  "  machine ; 
for  it  makes  possible  an  earlier  cut-off  in 
the  steam  cylinders  and  a  consequently 
greater  steam  expansion  with  its  attendant 
saving,  late  cut-offs  not  being  so  neces- 
sary to  prevent  "  dead-centering."  Multi- 
stage compression  with  effective  inter- 
coolers  between  stages  also  permits  a 
higher  piston  speed,  in  itself  a  factor  in 


steam  economy  in  reducing  the  leakages 
and  condensation  in  the  steam  end. 

Higlier  Volumetric  Efficiency. — The  air 
remaining  in  the  clearance  space  at  the 
end  of  the  stroke  must  be  expanded  on 
the  return  stroke  to  atmospheric  pressure 
before  free  air  can  enter  through  the  inlet 
valves.  Evidently  the  higher  the  pressure 
in  the  clearance  space,  the  greater  will 
be  the  expanded  volume,  and  the  lower 
will  be  the  intake  efficiency  of  the  cylin- 
der. In  single-stage  compression  the  clear- 
ance pressure  is  the  working  pressure; 
in  compound  compression  the  clearance 
pressure  in  each  cylinder  is  the  terminal 
pressure  in  that  cylinder.  But  this  ter- 
minal pressure  in  the  intake  cylinder  is  low 

HP.  CYL. 


— usually  not  over  25  pounds  per  square 
inch  when  the  final  working  pressure  is 
100  pounds.  The  volumetric  efficiency  of 
compound-compression  cylinders  is  higher 
for  this  reason,  the  clearance  in  the  low- 
pressure  cylinder  only  being  in  question. 
Another  element  conducive  to  high  vol- 
umetric efficiency  in  compound  compres- 
sion is  the  fact  that  the  terminal  press- 
ures, and  consequently  the  terminal  tem- 
peratures, are  lower  than  in  single-stage 
cylinders.  The  cylinder  walls  and,  more 
particularly,  the  heads,  together  with  the 
valves  and  ports  which  may  be  in  therr., 
are  therefore  kept  much  cooler  and  the 
entering  air  is  not  heated  so  much  by 
contact  with  these  parts.     A  third  element 
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entering  into  the  question  of  efficiency  is 
the  reduced  leakage  through  valves  and 
past  piston  and  rods,  with  the  incidental 
loss  of  power.  It  is  evident  that  the 
higher  the  pressure  the  greater  the  liabil- 
ity to  leakage ;  and  the  small  range  of 
pressures  in  multi-stage  cylinders  reduces 
this  loss. 

Dryer  Air. — One  of  the  greatest  diffi- 
culties hitherto  encountered  in  air-power 
transmission  has  been  the  freezing  of  the 
moisture  in  the  air,  in  the  pipe  line  or  at 
the  exhaust  ports  of  the  air  motors.  One 
of  the  great  advantages  of  the  sub-divi- 
sion of  compression  into  several  stages 
lies  in  the  opportunity  it  aflfords  for  cool- 
ing the  compressed  air  at  intermediate 
stages  to  a  temperature  at  which  its  mois- 
ture will  be  precipitated.  Of  course  prac- 
tically all  of  this  condensation  occurs  in 
the  inter-  and  aftercoolers ;  and  herein 
appears  a  necessity  for  a  design  which 
will  pass  the  air  at  low  velocity  with  full 
opportunity  for  cooling  on  the  water  tubes. 
The  moisture  in  suspension  is  withdrawn 
through  the  drain  pipe.  It  is  needless  to 
say  that  unless  some  provision  is  made 
for  arresting  and  withdrawing  the  con- 
densed water  from  the  intercooler,  the 
value  of  the  latter  as  an  air-dryer  is  lost : 
for  the  moisture  is  carried  over  into  the 
compression  cylinders,  producing  cutting 
and  leakage  and  working  out  into  the 
pipe  line.  Aftercoolers  are  in  some  in- 
stances as  important  as  intercoolers  in 
removing  moisture. 

Better  Lubrication. — If  air  be  com- 
pressed in  a  single  cylinder  from  atmos- 
pheric pressure  and  temperature  of  60 
degrees  Fahr.  to  a  final  pressure  of  100 
pounds,  the  maximum  temperature  at- 
tained may  be  484  degrees  Fahr.  This 
temperature  is  manifestly  destructive  to 
common  lubricants,  and  oils  of  ordinary 
quality  are  burned  into  a  solid,  gritty, 
coke-like  or  gummy  substance,  which  gives 
the  very  reverse  of  proper  lubrication. 
This  deposit,  moreover,  collecting  in  ports 
and  valves  may  so  obstruct  and  clog  them 
as  to  cause  leakage  and  throw  an  added 
load  on  the  compressor. 

If,  however,  the  same  volume  of  air 
be  compressed  in  the  first  cylinder  to  a 
pressure  of  25  pounds,  the  highest  tem- 
perature which  can  be  reached  is  only 
233  degrees — a  heat  which  will  not  destroy 
the  lubricating  qualities  of  good  oils  such 
as  should  be  used  in  compressor  work. 
This  air,  passing  through  the  intercooler. 


will  be  brought  back  to  al)out  the  original 
temperature  of  (X)  degrees  and  compressed, 
in  a  two-stage  compressor,  from  25  to  100 
pounds  in  the  second  cylinder.  Here  the 
maxiinum  temperature  attained  will  be 
but  httle,  if  any,  in  excess  of  that  in  the 
first  cyhnder,  since  the  heat  of  compres- 
sion is  a  function  of  the  number  of  com- 
pressions, and  is  almost  wholly  independ- 
ent of  the  initial  pressure.  In  multi- 
stage compressors,  therefore  the  condi- 
tions of  temperature  are  evidently  most 
conducive  to  thorough  lubrication  of  pis- 
ton and  valves,  tending  toward  durability 
of  \yorking  parts,  with  long  life  and  high 
efficiency  of  the  machine. 
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The  advantages  of  compound  air  com- 
pression have  gradually  forced  themselves 
upon  the  attention  of  pneumatic  engineers. 
Not  many  years  ago,  when  pressures  were 
lower,  the  majority  of  compres.sors  were 
Fingle-stage  machines.  But  with  the  grow- 
ing tendency  toward  higher  pressures, 
and  an  understanding  of  the  needed  econ- 
omies, compound  compressors  came  into 
greater  prominence;  and  of  late  much  the 
larger  percentage  of  installations  have 
been  machines  of  this  style. 

But  it  will  not  do  to  reason  that  any 
compound  compressor  is  necessarily  more 
economical  than  a  high-class  simple  ma- 
chine, for  such  is  not  the  case.  On  the 
contrary,  only  compounds  of  the  highest 
class  are  advantageous  from  an  econom- 
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ical  standpoint.  The  gains  depend  not 
simply  upon  stage  compression  and  effec- 
tive cooling,  but  also  upon  correct  design 
throughout  the  machine  and  a  consistent 
attention  to  every  detail.  Every  condi- 
tion which  may  possibly  affect  the  air 
from  intake  to  discharge  must  be  properly 
considered  and  provided  for.  Some  of 
these  defects  which  may  offset  compres- 
sion economy  have  been  noted  at  intervals 
throughout  the  preceding  discussion.  But 
their    importance    merits    a    repetition    of 


in  stages,  but  it  is  a  fact  that  compounds 
now  on  the  market  may  require  more 
power  per  cubic  foot  of  air  compressed 
than  well-designed,  high-class,  simple 
compressors  of  equivalent  capacity.  This 
latter  statement  embodies  so  great  an  ap- 
])arent  engineering  heresy  as  to  demand 
a  strong  substantiation  in  fact.  For  this 
reason  the  following  test  is  reported.  For 
obvious  reasons  the  names  of  the  makers 
of  the  compressors  in  question  arc  with- 
held.     M    m.iv    be    stated    lu-re,    however, 
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them  here.  A  weak  structure  and  insnfli- 
cient  bearings  (based  on  a  Uiistaken  idea 
of  reduced  strains),  with  no  provision 
for  unexpected  contingencies,  resulting  in 
excessive  friction  losses;  nmUiiilicity  of 
wearing  parts,  absorbing  a  large  portion 
of  the  power  theoretically  saved ;  heated 
and  restricted  air  passages,  ineflicient 
valves,  neglect  of  proper  jacket  and  head 
cooling;  small  and  ineffective  inter- 
coolers;  poor  workmanship,  resulting  in 
leakage  losses. 

Not  only  may  the   enumerated   defects 
largely  offset   the   saving  by  compression 


that  the  machines  are  standard  t\i)cs  oi 
American  builders  of  established  reputa- 
tion at  home  and  abroad ;  the  two  manu- 
facturers have  been  distinguished  by  the 
terms  "Maker  A"  and  "Maker  B."  '  The 
object  of  the  tests  was  primarily  to  ascer- 
tain the  comparative  economies  of  com- 
pound compressors  of  average  type  and 
simple  machines  of  the  highest  grade, 
more  especially  under  practical  conditions 
of  continuous  use. 

To  make  the  tests  fair  and  representa- 
tive, compressors  in  actual  service  were 
selected    and    those    tested    have    been    in 
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TABLE     2.        SINGLE-STAGE     AIR   COMPRESSORS — "  MAKER    A." 


Machine  No 1  A 


Diameter  air  cyliiultT.  inches 

Diameter  stcaiu  cylinder,  inches 

Stroke,  inches  .. .' 

Speed,  R.  P.  M .' " 

Jlean  net  area— air  cylinder 

Air  cylinder  displacement 

Free  air  -ihown  by  L.  P.  card 

Volumetric  efflciency,  "5 

Receiver  pre<>>iure. . ." 

Horsepower,  Air  cylinder      

Air  horse  pr)\ver  per  100  c«.  ft.  free  air 

Compnted  horse-power  per  10(1  cu.  ft.  adiabatic  comp 

Efflciency  compared  with  perfect  one-stase  cnmp.,  "o 

Computed  horse-power  per  lOt)  cu.  fi.  perfect  two-9t:ia;e  comp. 

Kfflciency  compared  with  perfect  two-stage  comp.,  «o 

Indicator  Card  '. 


2»} 

24 

30 

88 

519.8 
1,590 
1,383 

87 

fil 
201.5 

14.51 

13.5 

93 

11.9 

82      [ 
Pig.  1 


•iti 

24 

30 

80 

519.8 
1.445 
1,285 

89.1 

(iO 
185 

14.4 

13.a5 

tt2.8 

11.8 

82 
Fig,  1 


8A.         4A,  5A 


26 
24 
30 
8t 
619.8 

1..518 

1.824 
87.4 
fil 
192 
14.5 
13.5 
9.3.2 
11.9 
82.1 


2I{ 
24 
80 

no 

619.x 
1,080 

973 
91 
'.t2.5 

171 
17.0 
17.8 
98.4 
14.83 
84.6 


28 
24 
30 

80 
519.8 

1,445 

1,2.50 
W..5 
95 
223.5 
17.86 
17.62 
98.2 
15.05 
84.3 


TABLE  3,      TWO-STAGE   AIR    COMPRESSORS — "  MAKER     A.' 


Machine  No IIA. 

Diameter  L.  P.  air  cylinder,  incites  20 

Diameter  H.  P.  air  cylinder,  inches 13 

Diameter  steam  cylinder,  inches 18 

Stroke,  inches 18 

Speed,  R.  P.  M I  100 

Mean  net  area  L.  P.  air  cylinder  308 

Mean  net  area  11.  P.  air  cylinder  '  132.46 

L.  P.  cylinder  displacement I  642 

Free  air  shown  by  L.  P.  card   616 

Volumetric  efficiency,  "0 i  96 

Intercooler  pressure". 1  23 

Receiver  pressure 85 

Horse-power  L.  P.  air  cylinder '. '  44 

Horse-power  H.  P.  air  cylinder '  .52.25 

Total  air  horse-power  96.25 

Air  horse-power  per  100  cu.  ft.  free  air 15.6 

Computed  horse-power  per  100  en.  ft.  two-stage  comp     11.22 

Efflciency  compared  with  perfect  two-stage  comp.,  f,-, 91.25 

Indicator  Cards Fig.  2 


20 
13 

18 

18 

80 

308 

1»2. 

.513 

495 

96. 

23 

82 

35 

40. 
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1.5. 
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92 


16 

10 

14 

14 
155 
171.33 

TSM 
4.30 
398 

92.6 

22 

90 

28 

35.8 

63.8 

16 

14.71 

92 


16 

2« 

24 
108 
,515 
108.45 
1„->45 
1.448 

98,8 

25 

90 
106 
122.8 
228.8 

15.82 

14.7 

93 
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TABLE     4,        TWO-STAGE     AIR    COMPRESSORS — "  MAKER    B. 


Machine  No. 


Diameter  L.  P  air  cylinder,  inches 

Diameter  H.  P.  air  cylinder,  inches 

Diameter  steam  cylinder,  inches , 

Stroke,  inches 

Speed,  R.  P.  M 

Mean  net  area  L.  P.  air  cylinder 

Mean  net  area  II.  P.  air  cylinder 

L.  P.  cylinder  displacement 

Free  air  shown  by  L.  P.  card  

Volumetric  efflciency,  "i 

Intercooler  pressure 

Receiver  pressure 
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operation  for  from  two  to  fourteen  years 
under  average  working  conditions  and 
average  attendance.  But  the  results 
showed  up  the  compounds  in  such  an  un- 
favorable light,  that  it  was  determined  to 
continue  the  investigation,  to  include  com- 
pounds of  the  same  grade  of  workmanship 
and  the  same  make  as  the  simple  machme 
tested.  However,  no  old  compressors  of 
this  tj-pe  were  available,  so  new  machines 
were 'tested  at  the  builder's  shops,  just 
before  shipment.  The  conditions  m  all 
tests  were  made  as  nearly  identical  as  pos- 
sible and  the  results  show  in  a  striking 
manner  the  effect  of  correct  design  and 
workmanship  on  compressor  efficiency. 

The  thing  which  appeals  to  the  buyer  is 
the  economy  of  the  machine  he  purchases 
— the  saving  he  will  secure  by  its  use.  In 
an  air  compressor,  two  distinct  effi- 
ciencies are  to  be  considered;  the  volu- 
metric efficiency,  or  ratio  of  actual  to 
theoretical  air  capacity;  and  the  com- 
pression efficiencj',  or  ratio  of  actual 
power  required  to  the  theoretical.  To 
facilitate  comparison  in  the  present  case, 
the  several  values  from  the  preceding  re- 
port are  here  grouped  and  averaged: 

VOLUMETRIC    EFFICIENCIES. 

"  Maker  A,"  two-stage— 96,  96.4,  926  and 

93.8  per  cent. ;  average.  94.7- 
"  Maker  A,"  single-stage— 87,  89.1.  S7.4,  91 

and  86.5  per  cent. ;  average,  88.2. 
"Maker  B?'  two-stage— 89.1,  88.8,  74.8,. 
86.5  and  84.6  per  cent. ;  average,  84.76. 
It  here  appears  that  the  high-grade  two- 
stage  compressors  of  "  Maker  A "  suffer 
an  average  loss  in  capacity  of  only  5.3  per 
cent,  of  the  theoretical;  the  high-grade 
single-stage  machines  lose  on  the  average 
only  1 1.8  per  cent,  of  the  theoretical  ca- 
pacitv;  while  the  ordinary  two-stage  com- 
pressors of  "  Maker  B  "  lose  an  average 
of  15.24  per  cent,  of  their  theoretical  air 
displacement.  High-grade  workmanship 
and  correct  design,  therefore,  effect  in 
these  instances  an  average  saving  in  air 
capacity  of  9.94  per  cent,  in  the  two-stage 
types  and  3.44  per  cent,  in  single-stage 
machines. 

COMPRESSION    EFFICIENCIES. 

"  Maker  A,"  two-stage— 91.25,  92,  92  and 
93  per  cent. ;  average,  92.06. 

"Maker  A,"  single-stage— 82,  82.  82.1, 
84.5  and  84.3  per  cent. ;  average,  82.98. 

"Maker  B,"  two-stage— 80.9,  81.8,  70.5. 
75.5  and  67  per  cent.;  average,  75i4- 


■  The  high-grade  compounds  waste  but 
7.94  per  cent,  of  the  theoretical  power  re- 
quired ;  the  single-stage  machines  of  the 
same  grade  lose  17.02  per  cent. ;  while 
the  ordinary  two-stage  compressors  of 
"  Maker  B  "  waste  24.86  per  cent,  of  the 
power  applied  to  them. 

The  striking  feature  of  this  is  the  enor- 
mous waste  in  the  compounds  of  "  Maker 
B,"  due  to  defects  such  as  have  been 
brief!}'  suggested.  These  losses  have  more 
than  offset  the  advantages  of  compound- 
ing. Even  the  single-stage  machines  of 
"  Maker  A  "  show  an  average  superiority 
of  7.84  per  cent,  over  these  defective  com- 
pounds, while  comparison  of  the  two 
two-stage  types  shows  an  average  advan- 
tage of  16.92  per  cent,  in  fa^for  of  "  Maker 
A's "  high-class  machines,  correctly  de- 
signed and  properly  proportioned  for  the 
duty. 

Compression  efficiencies  for  "  Maker 
A's "  single-stage  machines,  in  the  last 
line  of  the  table,  are  referred  to  perfect 
two -stage  compression,  simply  for  ready 
comparison  \\nth  the  compound  machines. 
It  is  to  be  noted  that  the  efficiency  of  these 
compressors  compared  to  perfect  one- 
stage  compression  is  also  given  as  fol- 
lows: 93.  92.8.  93.2.  98.4  and  98.2  per 
cent. ;  average.  95.12.  This  means  that  on 
the  average  these  machines  depart  less 
than  5  per  cent,  from  theoretically  perfect 
performance  in  their  type.  Such  efficien- 
cies indicate  a  remarkable  refinement  in 
design  and  workmanship  and  exemplify 
the  importance  of  the  care  bestowed  upon 
what  are  usually  considered  minor  details. 

The  term  "  compound  "  or  "  two-stage  " 
as  applied  to  air  compressors  should  prop- 
erly stand  for  superior  economy.  The 
buyer  of  a  compound  rightfully  expects  a 
saving  by  its  use.  The  foregoing  tests, 
taken  without  prejudice  from  average  ma- 
chines in  ordinary  practice,  indicate  how- 
even  reputable  builders,  acting  no  doubt 
in  all  good  faith,  may  furnish  a  com- 
pressor which  may  prove  a  veritable 
"gold  brick"  in  the  hands  of  the  trusting 
purchaser.  Poor  practice  may  prove  the 
undoing  of  the  best  theory.  That  com- 
pressor onh-  is  a  commercial  and  econom- 
ical success  which  embodies  a  sound 
theory  in  a  mechanical  structure  correctly 
designed,  built  by  skilled  and  careful 
workmen,  and  so  simple  as  to  be  readily 
understood,  handled  and  maintained  by 
mechanics  of  average  intelligence. 
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Wet  [vs.  Dry  Compressors. 


BY   J.    WALTER    TEARSE. 


So  early  as  1867  the  late  Professor  Mal- 
lard, of  the  Paris  School  of  Mines,  point- 
ed out  that  water  in  compressing  cylin- 
ders causes  a  notable  dimimition  of  the 
energy  to  be  expended,  and  a  consider- 
able lowering  of  the  air  temperature. 
This  temperature,  while  being  scarcely 
50  degrees  cent.  (122  Fahr.)  in  wet  com- 
pressors, attains  as  much  as  four  times 
that  figure  in  the  dry  variety,  which  is 
one  of  their  inherent  disadvantages,  alone 
sufificing  to  determine  the  adoption  of 
compression  in  stages.  The  Professor 
also  showed  that  the  quantity  of  water 
to  be  introduced  is  slight,  but  that  there 
is  no  great  disadvantage  in  employing  a 
slight  excess  of  water,  the  quantity  of 
which  can  easily  be  determined  for  each 
compressor. 

It  may  be  added  (observed  M.  J.  Fran- 
cois, at  the  Liege  Mining  Congress)  that 
the  introduction  of  water  into  the  cylin- 
ders requires  the  use  of  valves  with  hy- 
draulic joints,  which  are  far  more  effi- 
cient than  those  with  dry  joints.  To  have 
a  just  idea  of  this,  it  is  necessary  to  de- 
termine the  relative  speed  of  the  water 
and  compressed  air,  which  flows  off 
freely  through  one  and  the  same  orifice, 
and  also  to  consider  that  the  volume  of 
the  compressed  air  leakage  must  be  mul- 

p 

tiplied     by    p-   (P„  and  Pi     representing 

the  respective  pressures  of  the  air  on  en- 
tering and  leaving  the  compressor)  at 
any  rate,  for  the  leakage  which  occurs 
during  aspiration,  this  being  necessary 
for  determining  the  influence  of  the  leak- 
age, not  only  on  the  volumetric  yield, 
but  also  on  the  dynamic  yield,  seeing  that 
in  this  case  the  loss  is  of  compressed  air. 

Water  introduced  into  compressors, 
provided  it  be  recuperated  and  used  over 
again,  after  being  passed  through  a  re- 
frigerator along  the  return  pipe,  becomes 
absolutely  neutral  and  incapable  of  caus- 
ing injurious  incrustations  on  valves,  pis- 
tons and  cylinders,  even  if  the  water  at 
disposal  be  not  of  the  best  quality. 
Moreover,  if  a  little  soft  soap  be  added 
to  the  water  it  will,  of  itself,  be  sufficient 
to  lubricate  the  pistons  and  cylinders. 

Nor  should  it  be  forgotten  that  the 
water  is  drawn  along  in  the  state  of  steam 


through  the  pipes  leading  underground, 
and,  owing  to  the  fact  that  such  steam  is 
produced  by  the  heat  disengaged  from  the 
air  during  its  compression,  the  quantity 
of  water  thus  lost  will  always  be  very 
slight.  From  the  heat  due  to  the  com- 
pression must  be  deducted  that  lost  in 
the  water  recovered,  as  also  the  loss 
owing  to  the  cooling  action  of  the  com- 
pressing cy!indcrs. 

The  author  brings  figures  to  show  that 
in  a  compressor  of  100  indicated  horse- 
power, even  supposing  that  all  the  heat 
engendered  by  the  compression  vaporizes 
the  water,  less  than  half  a  litre  (or  not 
a  pint)  of  water  is  thus  lost  per  horse- 
power per  hour,  while  this  very  slight 
quantity  is  a  maximum  which  is  far  from 
being  actually  attained. 

The  disadvantage  sometimes  attributed 
to  dampness  in  compressed  air,  as  re- 
gards its  freezing  in  the  motors,  is  neg- 
ligible, because  it  may  be  avoided  by 
previously  determining  the  space  to  be 
left  free  between  piston  and  cylinder 
cover,  and  so  regulating  the  distribution 
of  compressed  air  as  to  obtain  the  de- 
sired compression  in  this  space.  Such 
practice,  the  advisabilitv  of  which  may 
be  proved  mathematically,  prevents  the 
formation  of  hoar-frost  inside  the  motors, 
and  it  causes  no  loss  of  power,  because 
that  absorbed  in  compression  is  at  once 
given  back. 

In  any  case,  whether  the  compressor 
be  wet  or  dry,  M.  Francois  advocates 
making  the  delivery  passages  as  short 
as  possible,  and  only  employing  for  cyl- 
inder lubrication  such  oils  as  are  used 
in  ice-making  machines,  while  in  large 
motors  the  compressed  air  should  be  de- 
livered into  a  wooden  "  snow-box "  by 
pipes  leading  sufficiently  far  from  the 
motor  to  preserve  it  and  the  driver  from 
an  icy  cold. 

His  conclusions  are  that,  although  air 
compression  can  be  effected  by  both  dry 
and  wet  compressors,  the  latter  have 
great  advantages,  both  in  single  stage 
and  multiple  comnression.  In  point  of 
fact,  if  a  comparison  be  made  between  the 
two  methods  now  almost  exclusively  em- 
ployed— multiple  compression  in  dry 
compressors  and  direct  comprcs'^inn  in 
wet  compressors — it  will  be  found  that 
the  former  has  a  certain  advantage  as 
regards  the  dynamic  yield,  although  the 
extent  of  this  advantage  has  been  some- 
what exaggerated. 

The    author's    examination    nf   the    re- 
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suits  shown  by  indicator  diagrams  in  the 
two  methods  of  compression,  up  to  6 
and  also  up  to  7  atmospheres,  shows  that 
in  the  first  case,  for  the  compression  of 
a  cubic  metre  of  natural  air,  a  work  of 
26,050  kilogram  metres  is  required  by  di- 
rect compression  in  a  wet  compressor, 
of  24,000  kilogram  metres  by  dry  com- 
pound compressors,  showing^  an  advan- 
tage oij/.S  per  cent,  in  favor  of  the  lat- 
ter, while  in  the  second  case  (compres- 
sion to  7  atmospheres),  the  econom}'  will 
be  28,300  —  25.925  —  2,375  kilogram 
metres,  or  8.7  per  cent. 

Accordingly,  this  is  the  only  advantage 
of  dry  multiple  compression  over  wet 
direct  compression  for  pressures  not  ex- 
ceeding those  adopted  in  mines,  and  it 
must  be  added  that  this  advantage  is  set 
of?  by  the  complication  of  the  two  stages. 


Air  Compressor    at   the  Champion  Copper 
Mine,  Painesdale,  Michigan. 


The  mining  of  copper  is  probably  the 
most  expensive  form  of  mineral  produc- 
tion ;  and  of  all  copper  mines,  those  of 
the  "  copper  country "  of  Lake  Superior 
have  the  highest  operating  cost.  Low- 
grade  values,  extended  deposits,  and  im- 
mense depths  make  mining  costs  high  and 
necessitate  the  most  economical  methods 
of  operation  to  keep  these  properties  in 
the  favored   list  of  dividend  payers. 

Among  the  twenty-two  producing  mines 
of  the  Lake  Superior  district  the  "Cham- 
pion" ranked  fifth  in  production  in  1904, 
being  credited  during  that  year  with  an 
output  of  12.500.000  pounds  of  refined 
copper,  the  sale  of  which  yielded  dividends 
of  S300.000.  The  mine  is  at  Painesdale, 
Mich.,  and  is  one  of  several  large  prop- 
erties owned  and  operated  by  the  Copper 
Range  Consolidated  Copper  Company. 
Under  present  average  conditions  of 
operation  its  output  is  about  2,000  tons 
of  ore  per  day,  which  is  hoisted  through 
four  shafts  well  scattered  over  the  exten- 
sive property. 

High-grade  machinery  equipments  are 
characteristic  of  Michigan  copper  mines, 
and  the  "  Champion "  is  no  exception. 
Cheap  power  is  but  one  factor  in  secur- 
ing the  low  operating  cost  made  necessary 
by  mining  conditions.  Machine  methods 
rule  and  the  rock  drill  is  monarch  of  the 


situation.  The  air  power  plants  of  these 
mines  are  the  key  to  their  successful  oper- 
ation, and  that  of  the  "Champion''  is 
tj'pical  of  the  high  standard  of  economj' 
maintained. 

One  of  the  largest  compressors  in  the 
district  is  located  on  this  property  and 
was  built  by  the  Ingersoll-Sergeant  Com- 
pany, of  New  York.  It  is  a  duplex  Cor- 
liss type  with  cross-compound  condensing 
steam  cylinders  and  two-stage  air  cylin- 
ders. Steam  is  supplied  at  130  pounds 
pressure  by  a  battery  of  hi.gh  pressure 
boilers  in  an  adjacent  boiler  house.  The 
steam  pipe  enters  the  basement  of  the 
compressor  house  and  rises  through  the 
engine  room  floor  to  the  high-pressure 
steam  cylinder  with  a  wide  sweep  bend 
of  6-inch  pipe.  The  exhaust  passes  to  a 
Worthington  condenser,  located,  with  its 
pumps,  in  the  basement  below.  A 
vacuum  of  about  20  inches  is  maintained. 
The  steam-valve  gear  is  of  standard  Cor- 
liss release  type.  Automatic  regulation 
is  secured  by  an  improved  governor,  in 
which  the  usual  fly-balls  are  supplemented 
by  a  governor  cylinder  through  which 
receiver  air  pressure  operates  to  vary  the 
cut-ofif  on  both  cylinders,  adjusting  the 
speed  to  the  demand  for  air  and  main- 
taining air  pressure  constant.  Main 
frames  are  of  standard  heavy-duty  tangye 
pattern,  and  cranks  are  of  balanced  disk 
type. 

High  and  low-pressure  air  cylinders 
are  completeh'  water-jacketed  on  heads 
and  barrels.  Cold  air  is  drawn  from  out- 
side the  building  through  a  duct. terminat- 
ing in  an  intake  bracket  supported  on  the 
compressor  foundation.  The  .  Sergeant 
piston  inlet  valve  handles  the  intake  on 
both  high  and  low-pressure  cylinders. 
Direct-lift  discharge  valves  are  used.  A 
vertical  receiver  intercooler  stands  be- 
tween the  cylinders,  48  inches  in  diameter 
and  13^2  feet  high,  with  tinned  brass  tubes 
through  which  the  cooling  water  circu- 
lates. 

Steam  cylinders  are  18  and  36  inches 
in  diameter;  air  cylinders.  20^^  and  32% 
inches.  The  stroke  is  48  inches.  Normal 
speed  is  72  revolutions  per  minute,  at 
which  the  free  air  capacity  of  the  corn- 
pressor  is  3.100  cubic  feet  per  minute.  Air 
pressure  is  80  pounds. 

The  compressor  building  is  an  iron- 
covered  steel-framed  structure  lined  with 
sheathing  and  floored  with  matched  wood. 
A   solid   concrete   foundation   capped   with 
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finished  stone  supports  the  compressor. 
The  ilhistration  shows  the  interior  of  the 
engine-room  with  the  intercooler  in  the 
right  foreground.  The  stairway  on  the 
right  leads  to  the  basement,  which  con- 
tains all  auxiliaries,  beside  an  engine- 
driven  generator  for  lighting  purposes. 

In  a  separate  building,  close  at  hand, 
is  another  Ingersoll-Sergeant  air  com- 
pressor— a  survivor  from  early  days  of  the 
"  Champion "  mine.  At  one  time  this 
small  machine  furnished  all  the  air  re- 
quired for  rock  drills;  to-day  it  is  main- 
tained as  an  auxiliary  to  the  larger  com- 
pressor. It  is  a  straight-line  type,  steam- 
driven,  with  simple  steam  and  air  cylin- 
ders, i8  and  i85<t  inches  in  diameter,  re- 
spectively, and  a  stroke  of  24  inches.  At 
the  rated  speed  of  94  revolutions 
per  minute  its  free  air  capacity 
is  656  cubic  feet  oer  minute,  de- 
livered at  80  pounds  pressure.  The 
steam  end  is  fitted  with  adjustable  cut-off 
valves  of  Meyer  type ;  and  Sergeant  "  pis- 
ton inlet "  and  direct-lift  discharge  valves 
handle  admission  and  discharge  of  air. 

There  was  a  period  of  two  years  in  the 
histor)-  of  the  "  Champion "  mine  when 
rapid  development  threw  an  unusually 
heavy  load  on  these  two  compressors — the 
Corliss  and  straight-line.  During  this 
time  these  machines  ran  continuously,  24 
hours  per  day  and  7  days  in  the  week, 
carrying,  jointly,  an  average  load  of  56 
rock  drills,  7  pumps  and  4  "  puffers " — 
small  hoists  used  for  light  work. 
Throughout  all  this  heavy  overload  there 
were  no  breakages  and  no  repairs  on  the 
compressors,  nor  any  delay  directly 
chargeable  to  these  machines.  They  came 
through  the  ordeal  in  splendid  condition. 
Now  that  conditions  are  somewhat  re- 
lieved the  larger  compressor  easily  does 
the  work  of  its  section  of  the  mine,  while 
its  smaller  associate  stands  ready  for 
emergencies. 


Air  Required  to  Operate  Rock  Drills.' 


The  first  thing  to  consider  when  about 
to  install  compressed  air  to  operate  rock 
drills  is  the  number  and  sizes  of  the  drills 
required  to  do  the  work.  This  means  the 
total  number  of  drills  that  will  be  in  ac- 
tive service  at  one  time. 

*  Written  for  Mines  and  Minerals,  bv  F.  M.  Hitch- 
cock, M.  E. 


The  size  of  the  drills  is  determined  by 
the  material  to  be  drilled,  whether  soft, 
medium,  or  hard,  together  with  the  depth 
that  it  is  desired  to  drill  the  holes. 

The  number  of  drills  to  use  is  decided 
by  the  rapidity  with  which  the  work  is 
to  be  done,  the  feasibility  of  working 
more  or  less  drills  at  different  points  to 
advantage,  etc. 

When  the  maximum  number  to  be  run 
is  determined,  the  question  arises  as  to 
what  capacity  of  compressor  is  needed  to 
drive  them.  This  depends  greatly  on  the 
air  pressure  to  be  used,  which  varies  from 
60  pounds  to  100  pounds  in  different 
plants ;  the  lower  the  air  pressure,  the 
less  the  amount  of  air  required.  For  use 
at  sea  level,  probably  80  pounds  is  the 
most  common  pressure  at  the  present 
time.  This  seems  to  be  the  pressure  that 
gives  the  best  results  undef  average  con- 
ditions, but  the  kind  of  rock  to  be  drilled, 
and  the  hardness  of  the  drill  steel,  are  the 
deciding  factors.  Few  drills  are  worked 
economically  with  air  at  a  pressure  above 
100  pounds,  on  account  of  the  rapidity 
with  which  tlie  steel  dulls,  and  the  amount 
of  vibration,  particularly  in  hard  rock. 
The  frequent  sharpening  and  changing  of 
bits  greatly  increases  the  loss  of  time. 

The  accompanying  table  i  shows  the 
amount  of  air  required  to  run  from  one 
to  50  Rand  drills  at  an  air  pressure  of 
80  pounds  at  sea  level.  It  is  computed 
on  a  sliding  scale,  determined  by  experi- 
ence, and  gives  the  air  required  under 
usual  working  conditions.  This  means 
that  with  the  increase  in  the  number  of 
drills  used,  less  air  is  required  per  drill, 
or  that  there  is  a  decrease  in  the  percent- 
age of  the  number  that  will  be  in  simul- 
taneous operation. 

The  amount  of  air  that  a  compressor 
should  furnish  to  run  a  certain  number 
of  drills  at  80  pounds  pressure  may  at 
once  be  determined  from  the  table. 

To  find  the  air  required  for  other  press- 
ure than  80  pounds  multiply  the  amount 
given  in  the  table  by  the  following  factors : 

For  60  pounds  by  .789.  For  70  pounds 
by  .894.  For  90  pounds  by  1.105.  For 
TOO  pounds  by  1.211. 

The  quantity  determined,  however,  is 
the  free  air  tliat  a  compressor  should 
deliver  compressed,  and  not  its  displace- 
ment capacity. 

The  figures  given  do  not  take  into  con- 
sideration the  loss  of  pressure  that  the 
air  sustains   in  its  transmission   from  the 


COMPRESSED    AIR. 


3962 


compressor  to  the  drills,  due  to  friction 
and  leakage  in  the  pipes.  In  a  properly 
constructed  line,  however,  these  losses  do 
not  amount  to  a  great  deal,  and  air  is 
carried  5,000  to  10,000  feet  with  a  loss 
of  only  3  to  5  pounds  in  pressure. 

Table  i — Air  Required  to  Operate  Rand 
Rock  Drills  at  Sea  Level,  With  Air  at 
So  Pounds  Pressure  Per  Square  Inch. 


Table  2— Factors  for  Altitudes. 


Name  of 
DiiU 

Kid 

No.l 

No.2 

N0.3 

^^  No.4  No.6 

N0.7 

ameter 
Cylin- 
er,  in 
tiches 

i% 

ZH 

8^ 

m 

3H 

1 
3^  1  4J^     5^ 

Qo"^" 

iNo.  of 

1 

DrUle 

1 

1 

44 

67 

81 

120 

130 !    141 

166 

194 

2 

77 

IIT 

142 

211 

228     247 

292 

840 

8 

114 

173 

210 

310 

a36     361 

428 

.503 

4 

150 

22H 

275 

4W; 

442,    478 

564 

6,59 

5 

183 

279 

337 

500 

.542 

.^87 

692 

810 

6 

216 

329 

397 

588 

638 

692 

8I4I 

9.52 

7 

246 

375 

4.54 

673 

728 

790 

928 

1,085 

8 

275 

418 

507 

7,50 

813 

882 

1,040 

1  212 

9 

301 

458 

554 

820 

890     964 

1,l:i5 

1,32r 

10 

324 

494 

597 

884 

957  1,040 

1,222 

1,430 

12 

376 

573 

692 

1,025  1. no  1,205 

1.418 

1 ,658 

15 

452 

688 

mo 

1,230  1,334  1.446 

1.705 

1,990 

20 

602 

915 

1.105 

1.640  1,775  1,925 

2,263 

2,6.50 

25 

748 

1.140 

1,378 

2,043  2,218  2,400 

2,820 

3.300 

30 

898 

1,368 

1,655 

2.455  2,6.58  2.'<90 

3,.3S0 

3,960 

40 

1,195 

1,820 

2,220  3,26013.535  3,8:30 

4,,520 

5,270 

50 

1,495 

2,275 

2,750 

4,060 

4,420 

4,790 

5.640 

6,600 

,  As  the  air  decreases  in  density  with  the 
height  above  sea  level,  more  free  air  must 
be  compressed  at  altitudes  than  at  sea 
level  to  give  equivalent  results. 

Having  noted  in  Table  i  the  amount  of 
air  required  to  run  a  certain  number  of 
drills  at  80  pounds  pressure  sea  level, 
multiplying  that  amount  by  the  factors  in 
Table  2  will  give  the  amount  which  is 
equivalent  in  effect  at  various  altitudes, 
either  at  80  pounds,  or  at  60,  70,  90  or 
100  pounds  pressure. 

For  an  example,  assume  that  we  wish 
to  run  six  No.  3  drills  at  10,000  feet  alti- 
tude, and  at  90  pounds  pressure.  From 
Table  i  we  see  that  they  require  588  cubic 
feet  of  free  air  at  sea  level  when  running 
with  air  at  80  pounds  pressure.  From 
Table  2  we  find  the  factor  for  the  con- 
ditions given  to  be  1.542:  hence,  the 
amount  of  air  required  is  588X1-542=906 
cubic  feet. 


<!g  = 


Sea 

Level 

1,000 

2,000 

3,000 

4,000 

5,000 

6,000 

7,000 

8,000 

9,000 

10,000 

11,000 

12,000 

13,000 

14.000 

15,000 


.a  3  w  -  _ 


14.75 
14.20 
1.3.67 
13.16 
12  67 
12.20 
11.73 
11.30 
10  87 
10.46 
10.07 
9.70 
9.34 
8.98 
8.65 
8.32 


Factors 
Air  Prc«Bare  at  Drill 


60 

70 

HO 

90 

10(1 

Lbs. 

Lbe. 

Lbe. 

Lbs. 

Lb8. 

.789 

.894 

1.000 

1.105 

1.211 

.814 

.923 

1.0.^3 

1,142 

1.2.52 

.asQ 

.9.52 

1.066    1.179 

1.29-3 

.865 

.983 

1.102!  1.220 

1.83S 

.893 

1.016 

1.1.39    1.261 

1.383 

.922 

1.049 

1  176   i.:3a3 

1.431 

.9,52 

i,oa5 

1.218    l.:i50 

1.482 

,982 

1.119 

1.2.571  1.395 

1.5.34 

1.015 

1,157 

1..3(N1    1.443 

1.586 

1.049 

1.198 

1..347    1.491 

1.642 

1.0S3 

1.2.36 

1.390    1..542 

1.695 

1.119 

1,279 

1.439|  1.599 

1.780 

1.157 

1  .322 

1.488    1.6.56 

i.(e4 

1.197 

1.370 

1,5« 

1.716 

1,889 

1.236 

1.415 

1.594 

1.775 

1.956 

1.879 

1.465 

1.652 

1.810 

2,028 

Notes. 


Postmaster-General  Cortelvou  has 
decided  to  endorse  recommendations  for 
the  extension  of  the  pneumatic  mail-tube 
service   in   Brooklyn, 


Alfred  E.  Sharpe,  a  fourteen-year-old 
boy  of  Iowa  Falls,  Iowa,  has  just  com- 
pleted an  engine  which  may  be  run  by 
either   steam   or  compressed   air. 

The  Ohio  Compressed  Air  House- 
cleaning  Co.,  of  Columbus,  has  been 
formed  with  the  following  incorporators  : 
J.  N.  Koerner,  E.  J.  Burkett.  Walter  L. 
Lillie,  John  L.  Trauger  and  F.  M, 
Leonard. 


As  a  rule  coal  cutters  of  tiic  compressed 
air  puncher-type  arc  more  effective  than 
electric  cutters  in  low  coal  workings  con- 
taining clay  spots,  w^hich  are  much  faulted. 
Rotary  coal  cutters  are  best  suited  to 
thick  seams  of  clean  coal. — EngiHccring 
and  Mining  Journal. 


Lord  Masham  (Samuel  Cunliffc-Lis- 
ter").  the  patentee  of  many  inventions,  in- 
cluding a  compressed  air  brake  for  rail- 
roads and  a  wool  crmibing  machine.  <iicd 
February  2.  at  Swinton  .\bbey,  Masham. 
County  of  York,  England.  He  was  born 
in  1815  and  was  created  a  baron  in  i8<)i. 
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In  a  shop  where  the  sand  blast  is  now 
being  used  for  cleaning  crown  bars  and 
crown  sheets,  it  formerly  took  a  17^- 
cent  man  10  hours  to  clean  a  dozen  bars 
— $1.75  for  the  lot.  With  the  sand  blast. 
a  bar  is  cleaned  in  20  or  30  minutes,  or 
about  half  the  time  it  took  using  the  old 
war. — Boiler    Maker. 


Compressed  air  is  sometimes  used  as  a 
temporarj'-  relief  in  rooms  in  coal  mines 
when  the  fan  currents  are  insufficient.  It 
is  not  an  advisable  proceeding,  and  is 
evidence  of  bad  management.  Every  coal 
mine  should  have  a  fan  capacity  ample  for 
all  calls  made  upon  it. — Engineering  and 
Mining  Journal. 


Power  may  often  be  transmitted  from 
the  surface  to  the  face  of  the  workings 
in  a  coal  mine  by  compressed  air  better 
than  any  other  means.  The  chief  dis- 
advantages of  the  compressed-air  system 
are,  danger  of  dislocation  of  the  pipe 
lines  through  fall  of  roof,  and  less  flexi- 
bility when  applied  to  underground  haul- 
age than  the  electric  system. — Engineering 
and  Mining  Journal. 

The  Westinghouse  Machine  Company 
has  opened  a  Philadelphia  sales  office  in 
room  1,003.  North  American  building. 
The  establishment  of  this  office  was 
necessitated  by  the  rapidly  expanding 
business  in  this  territory,  particularly  in 
gas  engines  and  Westinghouse- Parsons 
steam  turbines,  and  is  in  line  with  the 
progressive  policy  of  the  company  to 
establish  headquarters  in  all  large  in- 
dustrial  cities. 

The  term  "capacity,"'  when  applied  to 
an  air  compressor,  is  often  misunderstood. 
It  relates  to  the  piston  displacement  in  the 
large  low-pressure  cylinder  of  the'  com- 
pressor ;  it  does  not  refer  to  the  amount 
of  compressed  air  the  machine  will  de- 
liver. The  same  machine  when  working 
under  different  pressures,  or  at  different 
elevations  above  sea  leve'.  has  the  same 
capacity;  but  delivers  different  quantities 
of  compressed  air  per  unit  of  power. — 
Engineering   and   Mining  Journal. 


A  high-.\ltitui:e  air  compressor  is  de- 
signed to  compress  the  lighter  air  in  high 
altitudes  to  the  same  gauge  pressure  that 
another  machine  produces  when  working 
at   sea  level.     .At  any  appreciable   altitude 


abo\e  sea  level  a  larger  number  of  com- 
pressions are  required  to  produce  the  same 
sea-level  gauge  pressure.  This  is  ar- 
ranged by  increasing  the  area  of  the  air 
cylinder  in  the  high-altitude  compressor, 
and  the  valves  are  set  so  as  to  effect  an 
earlier  cut-off. — Engineering  and  Mining 
Journal. 


An  engineering  and  machinery  exhibi- 
tion will  be  held  in  London,  England, 
from  September  15  to  October  17,  1906, 
under  the  presidency  of  Sir  Wm.  H. 
White.  K.  C.  B..  LL.  D.,  F.  R.  S.,  and 
a  distinguished  patronage,  including  the 
foremost  English  scientists;  the  past 
presidents,  presidents  and  vice-presidents 
of  all  the  engineering  institutions,  the 
consuls  of  foreign  countries,  etc.  W^hile 
this  exhibition  has  been  held  annualh-  for 
some  time,  it  has  been  on  a  much  smaller 
scale  than  is  planned  for  this  year's. 

There  will  be  a  full  and  generously 
illustrated  description  of  the  "  New  New 
York  Custom-house"  in  the  Alarch 
Century  by  ]\Ir.  Charles  de  Kay.  The 
fine  new  structure  now-  nearing  com- 
pletion stands  on  Bowling  Green, 
Whitehall  Street  and  Battery  Park,  seven 
stories  from  street  to  roof,  with  two 
stories  below  the  street.  Convenient 
approaches,  elevators,  sunlight,  electricity 
and  ventilation  will  be  conspicuous 
features  of  the  new  Custom-house  as  well 
as  notable  architecture  and  sculpture. 


Gasoline  air-compressors  may  often 
be  employed  advantageously  in  work  that 
does  not  warrant  the  installation  of  a 
steam  plant.  A  3i^:^-inch  drill  will  re- 
quire about  12  horse-power,  or  12  pints 
(1.5  gallons)  of  gasoline,  which,  at  price 
of  15  cents  per  gallon,  would  make  the 
operation  for  eight  hours  come  to  $1.20, 
reckoning  that  the  drill  is  run  two-thirds 
time.  There  may  be  also  saving  in  at- 
tendance, as  comoared  with  a  small  steam 
plant.  Gasoline  air-compressors  have  been 
successfully  emploved  in  mining  work. — 
Engineering  and  Mining  Journal 


The  Cyclone  Drill  Co.,  Orrville.  O.,  has 
been  incorporated  January  22.  with  a  cap- 
ital of  $100,000,  buying  out  the  assets,  in- 
cluding machinery,  merchandise,  patents, 
etc..  of  the  Cyclone  Drilling  Machinery 
Co.  and  the  Preslar-Crawley  Mfg.  Co. 
The  new  company  will  make  drills  of  all 
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types  and  also  a  coinljination  drill  em- 
bodying Iho  hollow  rod,  cable  and  core 
drills.  The  directors  of  the  company  are: 
B.  S.  Cope,  president ;  Chris.  Smith,  vice- 
president ;  Wm.  II.  Tschantz,  treasurer; 
Wm.  M.  Knoppes,  secretary,  and  Walter 
A.   Knight. 


PxEUM.vTic  tools  have  recently  received 
an  unexpected  but  deserved  mark  of  ap- 
proval by  the  agreement  of  the  Work- 
men's Societ}'  with  the  Federated  Ship- 
building &  Engineering  Employers  of 
England  and  Scotland,  to  encourage  the 
use  of  these  appliances  and  to  allow  a 
substantial  reduction  in  rates  of  pay  for 
work  done  by  their  aid.  Hereafter  men 
using  pneumatic  tools  will  have  their  pay 
reduced  40  per  cent,  on  shell  plating  and 
35  per  cent,  on  interior  work  generally. 
Such  a  concession  would  manifestly  not 
be  made  unless  the  workmen  were  certain 
by  experience  that  it  was  just  to  both 
hand  and  pneumatic  work. — Engineers' 
Record. 


A  MACHINE  for  the  manufacture  of 
liquid  air,  the  third  to  be  installed  in 
American  colleges,  is  now  a  part  of  the 
equipment  in  the  department  of  physics 
at  the  University  of  Minnesota.  The 
machine  is  being  used  for  experiments 
in  radio-activity. 

Liquid  air  can  be  manufactured  in  half 
an  hour  with  the  machine.  The  process 
is  the  usual  one.  After  being  freed  of 
impurities  the  air  is  passed  through  a 
compressor  such  as  is  used  on  torpedo- 
boats  for  firing  torpedoes.  It  is  then 
passed  through  potassium  hj-droxide  to 
condense  the  gases.  After  liquefying  and 
expansion  processes  are  completed  the 
air  is  passed  through  tubes  and  collected. 


A  CORRESPONDENT  of  the  "  Wandswortli 
Borough  News  "  has  just  brought  to  no- 
tice some  interesting  trials  which  took 
place  nearly  sixtj-  years  ago  with  a  com- 
pressed air  motor-car  constructed  in  ac- 
cordance with  the  patent  of  Baron  An- 
thony Bernard  Von  Rathen,  bearing  date 
2d  November,  1847  (No.  11932).  The 
machine  was  built  at  the  workshops  of 
that  ill-fated  institution,  the  Putney  Col- 
lege of  Civil  Engineering,  and  a  public 
trial  of  the  car  took  place  on  the  road 
between  the  college  and  Wandsworth  on 
the  9th  August,  1849,  and  again  on  the 
nth  of  the  same  month.    The  car  attained 


a  speed  of  eight  miles  per  hour  on  the  first 
occasion  and  twelve  miles  at  the  second 
trial.  The  inventor  seems  to  iiave  dis- 
played much  ingenuity  in  the  details  of  his 
machine,  and  it  is  somewhat  surprising 
that  nothing  more  was  heard  of  it.— Motor 
Car  Journal  (Eng.). 


Frederick  T.  Towne.  superintendent 
of  the  Yale  &  Towne  Mfg.  Co.'s  plant  at 
Stamford,  Conn.,  and  son  of  Henry  R. 
Towne,  president  of  the  company,  died 
earlv  on  the  morning  of  Sunday,  February 
4th. 

Although  only  34  years  of  age,  Mr. 
Towne  had  made  a  name  for  himself  in 
the  industrial  world.  He  was  a  member 
of  the  administrative  council  of  the  Na- 
tional Founders'  Association  from 
February.  1900,  until  November,  1903. 
during  the  last  year  of  which  time  he 
served  as  president,  although  he  was  one 
of  its  youngest  members.  He  was  ex- 
ceedingly active  in  its  behalf  and  had 
much  to  do  with  formulating  its  policies. 

IMr.  Towne  was  a  graduate  of  Tufts 
College.  After  completing  his  course 
there  he  entered  the  employ  of  the  Yale 
&  Towne  Mfg.  Co.,  speedily  working  him- 
self up  to  the  superintendency  of  its  plants 
at  Stamford  and  Branford,  Conn.,  with 
3,000  men  in  his  control.  It  was  his  am- 
bition to  make  the  Stamford  plant  a 
model  one.  especially  in  the  relations  of 
employer  to  employes.  He  was  a  mem- 
ber of  the  American  Society  of  Me- 
chanical Engineers. 

RiDGELY  &  Johnson  Tool  Company,  of 
Illinois,  control  a  patent  recently  granted 
to  Henry  H.  Vaughan,  of  Cleveland. 
Ohio,  on  an  improvement  in  pneumatic 
hoists. 

The  invention  relates  in  general  to 
fluid-pressure-operated  lifted  apparatus, 
and  more  particularly  to  pneumatic  hoists. 
In  a  fluid-pressure-operated  mechanism 
in  which  a  pull  or  push  is  exerted  by 
fluid-pressure  medium,  it  is  desirable  that 
the  mechanism  should  be  retained  in  posi- 
tion to  maintain  the  push  or  pull  after 
the  fluid  pressure  has  been  disconnected 
from  the  motor  cylinder,  thereby  pre- 
venting condensation  of  steam  or  from 
leakage  of  compressed  air.  It  is  also 
desirable  that  the  mechanism  should  be 
retained  in  position  to  maintain  the  push 
or  pull  until  the  load  has  cither  been 
removed  or  has  been  lifted  by  the  re-ad- 
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mission  of  fluid  pressure  to  the  motor 
cylinder.  The  invention  consists  in  a 
niotor  cylinder,  a  piston  fitting  within  the 
cylinder,  automatic  means  for  retaining 
the  piston  in  any  position  to  which  it  may 
be  moved  by  fluid  pressure,  and  means 
for  releasing  the  retaining  means  only 
when  the  load  is  no  longer  sustained 
thereb}'. — The  Manufacturer. 


An  interesting  feature  of  mining  in 
the  Cripple  Creek  district,  and  an  item 
which  is  as  closely  watched  by  the  opera- 
tor as  any  other,  is  the  cost  of  making 
air  per  drill  shift,  upon  which  largely  de- 
pends the  possibilities  of  economical 
operation.  The  wide  range  in  this  one 
respect  is  shown  by  the  fact  that  in  some 
instances  the  cost  is  as  high  as  $3.00  per 
drill  shift,  while  in  others  the  same  re- 
sults are  obtained  at  a  cost  of  53  cents. 
This  great  difference  is  due  to  the  class 
of  machinery  used  and  the  care  and 
intelligence  with  which  it  is  operated.  Of 
the  different  records  obtained  from  mine 
operators  the  following  seems  to  show 
the   greatest   economy. 

Mr.  John  Sharp,  the  well  known  lessee 
who  is  operating  the  Morning  Glory  of 
the  Work,  and  the  Colorado  Boss  of  the 
Cripple  Creek  Consolidated  Company, 
furnished  data  covering  a  period  from 
September  20,  1904,  to  January  17,  1905. 
during  which  time  1,367  drill  shifts  were 
operated.  As  shown  by  his  books  during 
that  time  the  coal  bills  amounted  to 
$1,183.17.  The  greatest  number  of  shifts 
worked  in  one  month  was  in  October, 
when   492  were   employed. 

The  rock  hoisted  amounted  to  7,500  tons 
during  the  months  of  October,  November 
and  December,  and  the  coal  bills  for  hoist- 
ing amounted  to  $450.00,  leaving  the  total 
coal  bill  for  running  the  air  compressor 
%7?>?<'i7,  or  537  cents  per  drill  shift. — 
Mining  Reporter. 


An  interesting  example  of  the  general 
utility  and  adaptability  of  the  Westing- 
house  air  brake  pump  was  given  in  con- 
nection with  the  raising  of  the  lake 
steamer  "Corey"  exclusively  by  the  use 
of  twenty  of  these  pumps.  The  "  Corey  " 
went  aground  on  the  shores  of  Gull 
Island.  Lake  Superior,  during  the  severe 
gale  of  November  28  last.  On  the  first 
of  December,  men  and  pumps  were  sent 
by   two   of  the   prominent   northern    rail- 


roads   to    prosecute    the    work    of    raising 
this   vessel. 

Ten  ii-inch  pumps  and  ten  gj^-inch 
pumps  were  distributed  along  the  deck 
of  the  steamer  and  arranged  to  force  air 
into  thirteen  of  the  air-tight  compart- 
ments in  the  vessel.  This  work  was 
commenced  on  the  second  of  December, 
and  while  the  air  was  forced  into  the 
compartments  by  the  pumps,  the  leaks 
were  repaired  by  boilermakers  as  fast 
as  they  were  discovered,  either  by  being 
patched  or  by  the  use  of  cement.  To 
accomplish  this  preliminary  work  of  stop- 
ping all  leaks  required  until  December  9, 
about  3  P.  M.  At  this  time  all  of  the 
pumps  were  set  to  work  forcing  air  into 
the  compartments  in  order  to  displace 
the  water  and  raise  the  vessel.  On  the 
following  morning  at  7:30  A.  M.,  it  was 
found  that  the  boat  had  been  raised  four 
feet  and  sufficient  water  removed  by  the 
compressed  air  to  allow  the  steamer 
"  Houghton  "  to  easily  pull  the  "  Corey  " 
from  the  shore  into  deep  water.  In  rais- 
ing this  vessel  it  is  estimated  that  from 
3  P.  M.  on  December  9  until  7 130  A.  M. 
December  10  about  6,000  tons  of  water 
were  removed  by  the  use  of  these  twenty 
pumps. 


A  NEW  device  has  been  put  on  the  mar- 
ket by  A.  E.  Hoermann,  261  Broadway, 
New  York  City,  dealer  in  pneumatic  and 
other  machinery,  which  promises  to  have 
a  good  field. 

The  tool  is  supposed  to  be  used  in  con- 
nection with  an  ordinary  air  or  electric 
drill  and  to  perform  the  work  of  screw- 
ing up,  tightening  and  also  unscrewing 
nuts. 

Without  doubt  the  largest  field  for  this 
tool  will  be  the  railroad  market.  On 
some  of  the  wooden  freight  cars,  for  in- 
stance, there  are  as  many  as  600  nuts  of 
one  kind,  and  needless  to  say  the  time 
consumed  in  tightening  these  by  hand 
with  a  wrench  is  considerable. 

The  idea  of  using  a  tool  of  this  kind 
is  not  a  new  one,  but  so  far  no  satis- 
factory one  has  been  placed  on  the 
market.  Tests  have  been  made  by  using 
solid  chucks  in  drills,  but  the  sudden 
jar  caused  at  the  moment  the  nut  was 
drawn  up  on  the  surface  soon  put  the 
drill   out   of   commission. 

The  tool,  built  according  to  A.  E. 
Hoermann's  ideas,  has  an  adjustable  fric- 
tion    arrangement,     which     enables     the 
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operator  to  regulate  the  tension  for  the 
largest  nut  to  be  tightened. 

The  nuts  to  be  tightened  are  placed  on 
the  bolts  with  about  one  and  one-half  turn, 
the  tool  will  run  them  up  to  the  surface 
and  tighten  them,  then  the  friction  ar- 
rangement will  take  up  the  jar  and  al- 
low the  drill  to  continue  rotating  while 
the  wrench  chuck  itself  remains  station- 
ary. 

This  tool  has  been  thoroughly  tested 
at  the  shops  of  the  Central  Railroad  of 
New  Jersey,  at  Elizabcthport.  and  found 
to  work  remarkably  well.  It  has  been 
found,  however,  that  a  three-quarter-inch 
nut  is  the  maximum  capacity,  not  of  the 
tool  itself,  but  of  the  drill,  as  the  largest 
drill  is  not  strong  enough  to  develop 
power  to  tighten  a  one-inch  nut  sufficient- 
ly tight. 

Ax  article  in  The  Raihi'ciy  and  En- 
gineering Reviciv  gives  the  following 
description  of  the  piping  system  used  in 
the  Sedalia  shops  of  the  Missouri  Pacific 
Railway : 

"  The  compressed  air  is  carried  in  three 
independent  lines  from  the  power  house 
under  ground  to  the  various  buildings, 
and  the  freight  car  repair  yard.  The  pipe 
used  for  this  purpose  is  Universal  cast- 
iron  pipe,  manufactured  by  the  Central 
Foundry  Co.,  of  New  York.  This  pipe 
has  special  machined  ends,  with  lugs 
cast  at  the  ends  so  that  the  pipe  may  be 
laid  in  sections  and  bolted  together.  The 
pipe  is  laid  in  the  ground  with  no  further 
protection  than  a  coat  of  coal  tar.  The 
line  for  the  freight  car  repair  yard  leaves 
the  power  house  at  the  west  end  and  ex- 
tends in  a  straight  line  about  1,700  feet 
west.  A  branch  line  leaving  the  main 
runs  to  the  store  house  for  the  operation 
of  air  hoists;  another  line  supplies  the 
freight  car  repair  shed  and  the  scrap  plat- 
form, and  at  200  feet  intervals  branch 
lines  are  taken  from  the  main  and  run 
north  across  all  the  tracks  of  the  freight 
car  repair  yard.  The  pipe  of  both  main 
and  branches  is  cast  with  bosses  at  3 
feet  intervals,  so  that  the  line  may  be 
drilled  and  tapped,  and  a  riser  brought 
to  the  surface  of  the  ground  at  any  one 
of  these  bosses.  At  the  end  of  each  of 
the  branch  lines  is  a  cast-iron  drip-pot, 
provided  with  a  three-quarter  inch  blow- 
out pipe  and  control  valve  at  the  surface 
of  the  ground.  The  line  is  pitched  to 
drain    to    the    drip-pot    and    a    cast-iron 


roadway  bo.x  with  a  cover  plate  hearing 
the  inscription  "Drip  Pot"  marks  the 
location  of  each  one  of  the  IQ  bleeders 
on  the  underground  air  piping.  In  ad- 
dition to  these  drip-pots,  which  have  a 
capacity  of  15  or  20  gallons  each,  there 
are  five  steel  reservoirs  or  pressure  ac- 
cumulators, which  still  further  collect 
condensation  and  provide  reserve  capacity 
at  points  of  greatest  demand  for  air." 


.\t  the  close  of  1904  there  were  156,- 
456,370  feet  or  29,632  miles  of  mains  ifor 
the  transportation  of  natural  gas  in  the 
United  States,  which  varied  from  2  to 
36  inches  in  diameter.  The  greater  por- 
tion of  the  pipe  in  use  is  8  and  10  inches 
in  diameter.  The  line  pressure  on  the 
smaller  pipe  up  to  10  inches  runs  as  high 
as  400  pounds ;  for  20  inches  diameter  the 
pressure  is  usually  less  than  300  pounds 
to  the  square  inch.  Originally  the  gas 
pressure  in  the  w'ells  was  sufficient  to 
transport  large  quantities  in  ordinary- 
sized  pipes  to  points  of  consumption 
many  miles  distant.  In  many  instances  dur- 
ing recent  years  the  gradual  falling  off 
of  the  natural  pressure  has  made  it  nec- 
essary to  instal  powerful  pumping  or 
compressing   machinery. 

By  far  the  most  economical  results 
have  been  secured  by  large  gas-engine 
compressors,  in  which  natural  gas  is  ex- 
ploded instead  of  steam  being  used,  and 
in  which  9  cubic  feet  have  developed  I 
horse-power  per  hour,  while  working 
at  a1x)ut  1,500  horse-power  capacity. 
Thirty  cubic  feet  of  gas  have  been  com- 
pressed from  o  to  270  pounds  pressure  to 
the  square  inch  by  the  consumption  of  i 
cubic  foot  of  natural  gas,  whereas  double 
that  amount  of  gas  is  consumed  under 
boilers  supplying  double-expansion  con- 
densing steam  engines  to  do  the  same 
work. 

In  recent  years  there  has  developed  a 
general  extension  of  many  of  the  large 
lines,  supplying  central  western  Pennsyl- 
vania and  northeastern  Ohio,  into  the 
deep  and  prolific  fields  of  southwestern 
Pennsylvania  and  western  West  Virginia, 
which  are  now  operated  in  a  most  eco- 
nomical way.  enforced  by  the  dearly 
learned  lessons  of  the  reckless  exhaustion 
of  the  original  fields  of  Pennsylvania, 
Ohio  and  Indiana.  Much  larger  lines 
have  been  recently  constructed,  and  the 
increase  in  diameter  has  added  largely  to 
their  capacity  and  has  increased  the  quan- 
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tity  of  gas  delivered  at  points  of  con- 
"sumption. — Engineering  and  Mining 
Journal. 


A  CORRESPONDENT  of  the  MHivaukee 
Sentinel  writes  from  Ironwood,  Mich.,  as 
follows : 

"An  interesting  sight  at  Corrigan,  Mc- 
Kinnej'  &  Co.'s  Great  Western  mine  at 
CrN'stal  Falls,  Menominee  range,  is  a  com- 
bination pump  operated  by  compressed 
air.  The  history  of  this  miique  device 
dates  back  several  years,  when  a  collapse 
of  the  surface  ground,  caused  by  the  cav- 
ing system  of  mining,  carried  down  stopes 
and  threatened  the  life  of  the  shaft.  A 
considerable  portion  of  the  cave,  ap- 
proaching 200  feet  in  depth,  was  there- 
upon filled  with  sand  and  the  stability  of 
the  shaft  was  restored.  It  was  necessary 
to  instal  pumps  in  order  to  prevent  the 
flooding  of  the  mine,  but  instead  of  pump- 
ing the  water  direct  by  steam,  a  method 
which  on  account  of  the  sand  would  be 
destructive  to  the  ordinary-  type  of  pump- 
ing machinery,  a  small  air  compressing 
plant  and  vacuum  pump  were  put  in  and 
two  cylindrical  tanks,  each  of  a  capacity 
of  2,000  gallons,  were  installed  in  the  bot- 
tom of  the  pit.  Each  tank  is  equipped 
with  a  water  inlet,  discharge  pipe,  and 
check  valve  at  the  bottom,  and  a  com- 
pressed air  and  vacuum  pipe  at  the  top. 
The  tanks,  connected,  occupj'  space  in  a 
reservoir  which  is  the  receiving  vat  for 
all  the  surface  water. 

'"While  the  water  is  forced  into  one 
tank  by  compressed  air,  the  same  move- 
ment of  the  pump  drives  the  air  out  of 
the  other  tank,  creating  a  perfect  vacuum 
and  forcing  the  water  into  the  pipe  which 
conveys  it  to  the  top  of  the  pit  and  into 
the  sluiceway  by  which  it  is  carried  out 
of  range  of  the  mine.  When  the  tank  is 
emptied  of  water,  the  air  in  it,  which  is 
under  compression,  is  automatically  with- 
drawn and  taken  back  into  the  com- 
pressor, losing  only  a  part  of  its  pressure 
in  the  process  and  adding  materially  to 
the  economy  of  the  device.  The  two  tanks 
operate  in  balance,  one  filling  while  the 
other  is  discharging,  and  thus  a  con- 
tinuous stream  of  water  is  maintained. 
The  only  parts  of  the  device  to  which  the 
sand  in  the  water  can  exert  a  destruc- 
tive force  is  on  the  check  valves,  saving 
greatly  in  wear  and  tear." 


The  American  Institute  of  Mining  En- 
gineers, which  for  the  two  days  preceding 


has  been  in  annual  session  at  Bethlehem, 
Pa.,  was  on  Saturday,  February  24th,  en- 
tertained by  the  Ingersoll-Rand  Company 
at  its  works  at  Phillipsburg,  N.  J. 

A  special  train  brought  the  visiting 
party,  about  165  in  number,  from  Bethle- 
hem direct  to  the  shop  grounds.  The 
guests  w^ere  received  by  President  W.  L. 
Saunders  of  the  company,  assisted  by 
members  of  the  sales  and  engineering  de- 
partments both  from  Phillipsburg  and  New 
York.  The  party  was  at  once  photo- 
graphed on  the  steps  of  the  office  building, 
and  each  guest  was  presented  with  a  leaf- 
let showing  a  plan  of  the  works. 

The  .guests,  divided  into  parties,  were 
piloted  by  representatives  of  the  company 
over  the  specified  route  through  the  shops, 
inspecting  the  many  classes  of  machinery 
built  there,  both  in  construction  and  in 
operation.  After  a  morning  spent  in  this 
manner,  the  visitors  were  conducted  to 
the  dining  room  on  the  third  floor  of  the 
office  building,  where  a  luncheon  was 
served  to  about  195  guests  and  company 
representatives. 

After  an  hour  of  fellowship  and  good 
clieer,  a  second  photograph  was  taken  and 
the  company  was  called  to  order  by  Mr. 
De  Saules,  acting  chairman  of  the  enter- 
tainment committee.  After  a  few  happy 
remarks  of  appreciation  of  the  day's  enter- 
tainment, tlie  chairman  called  upon  Presi- 
dent Saunders  of  the  Ingersoll-Rand  Com- 
pany, who  responded,  calling  attention, 
;>mong  other  things,  to  the  fact  that  the 
Institute  was  not  up-to-date  in  that  it  still 
clung  to  the  hand  hammers  on  its  emble- 
matic seal,  which  should  properly  be  re- 
placed b}'  a  machine  drill  as  more  typical 
of  modern  engineering  progress. 

]\Ir.  Jasper  Rand,  vice-president  of  the 
company,  was  then  called  upon  and  dwelt 
in  his  remarks  upon  the  close  and  inti- 
mate relations  in  the  new  company  which 
had  taken  the  place  of  the  keen  rivalry  be- 
tween the  former  InsersoU  and  Rand 
Companies.  The  next  speaker  was  Mr. 
Edmund  C.  Pechin.  one  of  the  charter 
nx'mbers  of  the  Institute,  who  gave  some 
h.istorical  reminiscences.  He  was  followed 
by  Dr.  Raymond,  secretary  of  the  Insti- 
tute, since  its  foundation.  The  informal 
program  closed  with  a  song  by  Prof. 
Franklin,  of  Lehigh  University,  an  Insti- 
tute member,  which  told  of  the  intimate 
relations  of  "  Sandy  and  his  Mule  "  in  the 
days  before  machinery  was  introduced  in 
the  coal  mine.  The  party  then  adjourned, 
returning  by  their  special  train. 
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A  number  of  ladies,  guests  of  the  Insti- 
tute, were  in  attendance,  lending  to  the 
occasion  the  charm  of  their  presence. 


The  accompanying  illustrations  show 
an  irregular  box  cam  and  a  novel  method 
intriiduced   for  cutting  it.      It   will   he   nb- 


with  a  single  tool,  it  being  absolutely 
necessary  that  the  groove  of  the  cam  be 
parallel. 

Not  having  a  machine  particularly 
adapted  to  the  work  an  emergency 
method  was  devised  consisting  of  a  block 
mounted  on  slide  of  engine  lathe  in  which 
a  milling  cutter  was  free  to  revolve.  A 
master  cam  was  attached  to  mandrel  with 
gear  in  proper  relation  to  it ;  as  the  lathe 
revolved  slowly  (slide  rest  having  pre- 
viously been  disconnected  from  cross- 
feed  screw)  the  milling  cutter  arbor  was 
kept  in  contact  with  master  cam  by  means 
of  weight  fastened  to  end  of  cross-feed 
slide.  The  cutter  arbor  in  contact  with 
master  cam  was  the  same  diameter  as  the 
milling  cutter  used;  this  insured  an  ab- 
solutely parallel  slot.  A  '"  Little  Giant  "  air 
drill  was  used  for  driving  the  cutter.  The 
arrangement  proved  very  satisfactory  as 
the  speed  could  be  controlled  to  a  nicety ; 
it  made  the  fixture  at  mininuim  cost;  no 
cumbersome  belts  or  other  complicated 
mechanism  being  necessary,  and  the  set- 
up required  no  more  time  than  an  ordi- 
nary  chucking  job.     We   are   indebted   to 


served    that    at    one    point    the    gr.juvc    i>  -Mr.    lieiiiy  J.   Kumi.an.  >upi-nuti.nduit  -1 

located    verv   close    to    the    centre   of    the  the  Cleveland  plant  of  the  Chicago  t  ncu- 

gear,    while"  it    runs   close   to   the    rim    at  matic    Tool    Company,    for    the    ilhistra- 

another  point;   hence  it  could  not  be  cut  tions  and  explanation  covermg  the  work. 


39^9 


COMPRESSED    AIR. 


COMMUNICATIONS. 

Under  this  heading  will  be  published  inquiries 
addressed  to  the  Editor  of  Compressed  Air.  We 
wish  to  encourage  our  readers  in  the  practice  of 
making  inquiries  and  expressing  opinions. 

We  request  that  the  rules  governing  such  corre- 
spondence will  be  observed,  viz.  :  all  communica- 
tions should  be  written  on  one  side  of  the  paper 
only  ;  they  should  be  short  and  to  the  point. 


To   the  Editor  of  Compressed  Air: 

We.  have  a  problem  in  compressed  air 
pumping  to  be  solved  which  we  herewith 
submit   to  you. 

We  have  a  well  720  feet  deep  cased 
with  steel  pipe  7^  inches  in  diameter 
to  470  feet ;  there  is  an  intermission  of 
20  feet  in  which  there  is  no  casing,  then 
220  feet  of  5j^-inch  casing.  At  470  feet 
natural  gas  and  oil  were  obtained.  At 
720  feet  natural  gas  and  salt  water  were 
obtained.  The  water  rises  to  the  top  of  the 
well,  carrj-ing  with  it  oil  and  gas,  which 
bubbles  over  the  top  of  the  well  pre- 
sumably two  to   four  gallons  per  minute. 

Many  attempts  within  the  past  three 
months  have  been  made  to  pump  the  well 
dry  by  means  of  a  deep  well  pump  oper- 
ated by  compressed  air,  the  air  com- 
pressor giving  70  cubic  feet  at  80  pounds 
pressure,  and  the  results  achieved  have 
been  discouraging.  Our  purpose  is  to 
pump  the  well  drj-  so  that  we  may  se- 
cure the  gas  which  comes  in  about  700 
to  710  feet  which  is  just  above  the  salt 
water. 

Yours  very  truly, 

Bryax    Obe.\r. 

Provided  the  well  yields  more  water 
than  the  deep  well  pump  can  handle, 
the  air  lift  system  is  the  only  method 
to  employ  promising  am-  possibility  of 
lowering  the  water  to  a  point  where  the 
water  seal  will  be  broken,  and  the  gas 
under  a  certain  amount  of  pressure,  lib- 
erated to  escape  with  the  water  pumped. 
The  question  of  just  how  far  the  water 
level  in  the  well  will  have  to  be  lowered 
(the  static  head  reduced)  in  order  to 
release  the  gas  being  unknown,  depend- 
ing upon  the  gas  pressure,  the  necessary 
capacity  of  the  compressor  and  pressure 
of  air  cannot  be  determined  at  the  time. 

Considering  the  air  lift  system,  it  will 
not  be  practicable  to  pump  the  water 
down  to  the  very  bottom  of  the  well — 
'■  to  pump  it  dry  " — as  you  state,  because 
this  method  of  pumping  depends  for  its 
proper   operation   upon   a  certain   amount 


of  submergence  for  the  piping,  or.  in 
other  words,  the  air  and  discharge  pipe 
must  be  under  water  for  a  certain  pro- 
portion of  their  total  length  in  order  to 
give    satisfactory    results. 

We  believe,  however,  using  the  air  lift 
system,  you  can  lower  the  water  level 
and  reduce  the  water  pressure  now  hold- 
ing the  gas  to  such  an  extent  that  by 
pumping  into  a  tank  fitted  with  baffles, 
or  arranged  in  such  a  way  as  to  readily 
separate  the  gas  from  the  water,  that 
the   desired   results   can  be  obtained. 

It  is  hardly  possible  that  this  can  be 
done  with  a  compressor  the  size  men- 
tioned, but  it  will  be  possible  to  get  a 
line  on  the  requirements  by  fitting  up 
and  testing  with  this  machine,  and  it  will 
cost  but  very  little  to  make  such  a  trial. — 
Editor. 

To   the  Editor  of  Compressed  Air: 

With  reference  to  the  power  for  use  at 
the  well  which  is  intended  to  be  pumped, 
I  beg  to  say  that  the  compressor  will 
give  about  70  cubic  feet  of  free  air  per 
minute  at  80  pounds  pressure. 

The  air  compressor  is  a  hydraulic  com- 
pressor, being  driven  b}^  a  steam  pump 
to  furnish  an  artificial  head  of  water 
which  is  alternateh'  driven  into  tanks 
compressing  the  air  above  it  at  the  rate 
of  about  a  revolution  every  45  seconds. 
It  is  possible  to  secure  80  feet  per  min- 
ute at  a  100  pounds  pressure.  I  enclose 
you  a  small  blue  print  of  the  invention 
which  will  give  an  idea  of  my  hydraulic 
air   compressor. 

With  reference  to  the  depth  which  we 
have  been  able  to  pump  the  well,  beg 
to  say  that  the  water  has  been  lowered 
in  it  by  means  of  a  deep  well  pump  to 
about  550  feet.  At  this  point  the  pump 
stopped  working  and  refused  to  take  the 
air.  We  have  just  taken  the  pump  out 
and  find  that  the  valves  were  glotted 
to  such  an  extent  with  oil  that  they  did 
not  perform  their  proper  functions. 
During  the  pumping  of  the  well  there 
was  no  accurate  test  of  efficiency  made, 
but  we  estimate  that  we  pumped  one  gal- 
lon of  water  to  two  cubic  feet  of  free  air. 
i\t  the  next  attempt  to  pump  the  well  I 
shall  pump  the  water  into  a  tank  and 
measure  it  accurately  and  keep  a  record 
of   the   air   compressor. 

Yours  very  truly, 

Bryan    Obear. 
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FOR  SALE. 

At  less  than  cost,  the  following 
imported  Mannesniann  tul)es,  de- 
signed for  storage  of  compressed 
air  : 

12  tubes  20  ft.  in  lengfth 

rs  tubes  15  ft.  4}4  in.  in  lengfth. 

All  designed  for  a  working  pressure 
of  2000  pounds  per  square  inch  and 
tested  to  4800  pounds  per  square 
inch.  All  tubes  are  new  and  have 
never  been  in  service. 

Address  : 

H.    K.    PORTER   CO., 

541  Wood  St.,  Pittsburg,  Pa. 


U.S.  PATENTS  GRANTED  JAN.,  J906. 

Specially  prepared  for  Compressed  Air. 

808,623.  CARRIER  FOR  PNEUMATIC 
TUBES.  Birnej'  C.  Batcheller,  Philadelphia. 
Pa.,  assigrnor  to  The  Pearsall  Pneumatic  Tube 
and  Power  Company,  New  York,  N.  Y.,  a  Cor- 
poration of  New  York.  Filed  Mar.  21,  1905. 
Serial    No.   251,210. 

808,638.  FLOATING  CAISSON  FOR  REPAIR- 
ING FLOATING  DRY-DOCK  BOTTOMb. 
Andrew  C.  Cunningham,  Annapolis,  Md. 
Filed  Mar.  10,  1906.     Serial  No.  249,398. 

An  under-water-floating  caisson  for  repairing 
the  bottoms  of  floating  dry-docks,  the  same  com- 
prising an  open-topped  working  chamber  having  a 
bottom  and  closed  on  all  sides,  said  chamber  be- 
ing adapted  to  be  entirely  submerged  and  floated 
under  the  dock;  and  provided  with  means  for 
exhausting  the  water  therefrom,  and  having  a 
shaft  extending  above  water  to  permit  workmen 
to  enter  the  chamber  after  it  is  in  place. 


VIR-GUN.     David   F.   Polley,  Plymouth, 
assignor    to    Markham    Air    Rifle    Com- 


808,680. 
Mich. 

pany,    Plymouth,    Mich. 
Serial   No.  237,572. 


Filed    Dec.    19,    1904. 


808,703.  LOAD-BRAKE  APPARATUS.  Walter 
V.  Turner,  Wilkinsburg,  Pa.,  assignor  to  Wcit- 
inghouse  Air  Brake  Company,  Wilmerding. 
Pa.,    a    Corporation    of    Pennsylvania.       Filed 

Apr.   1,  1904.      Serial   No.   201,167. 

808,711.  COMBINED  AIR-BRAKE-SETTING 
DEVICE  AND  ALARM.  Robert  E.  Adreon 
and  Francis  M.  Stambaugh,  St.  Louis,  Mo.; 
said  Stambough  assignor  to  said  .Xdrcon.  Filed 
Apr.  14,   1905.     Serial   No.  255,664. 

808,716.  BRAKE  SYSTEM.  Charles  E.  Barry, 
Schenectady,  N.  V.,  assignor  to  General  Elec- 
tric Company,  a  Corporation  of  New  York. 
Filed  Aug.  13,  190.3.       Serial  No.  169,349. 

808,728.  FLOATING  CAISSON.  Andrew  C. 
Cunningham,  Washington,  D.  C.  Filed  Sept. 
20,   1905.     Serial  "No.  279,347. 

An  under-water  floating  caisson  for  the  pur- 
poses described,  comprising  an  open-topped  work- 
ing chamber  having  a  bottom  and  closed  on  all 
sides,  said  chamber  being  adapted  to  be  entirely 
submerged  and  to  be  floated  under  the  structure 
to  be  repaired,  means  for  gaining  access  to  the 
chamber  from  above  the  water  after  it  is  in  place 
and    for    exhausting    the    water    therefrom,    and 
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floats  exterior  to  the  chamber  for  suspending  or 
maintaining  it  at  the  desired  depth  of  sub- 
mergence  while  being  moved  into   place. 

808,768.  COMBINED  DOOR,  LOCK,  AND  IN- 
DICATOR FOR  CARRIERS  USED  IN 
PNEUMATIC  TUBES.  Patrick  J.  Madigan, 
Chicago,  111.  Filed  Feb.  25,  1905.  Serial  No. 
247,309. 

808,811.  -AUTOMATIC  PRESSURE-RETAINKK. 
James  W.  Brown,  Minneapolis,  Minn.  Filed 
Aug.  27,  1904.     .Serial   No.   222,386. 

808,837.  ROCK  AND  COAL  DRILL.  Lester  C. 
Hardsocg,  Ottumwa,  Iowa.  Filed  May  17, 
1905.      Serial    No.    260,786. 


A  housing,  a  hammer  mounted  therein  and 
provided  with  exterior  screw'-threads,  a  slidably- 
mounted  hinged  block  having  screw-threaded  en- 
gagement with  said  hammer,  spring-pressed  plun- 
gers located  at  opposite  ends  of  said  block  for 
cushioning  the  movements  of  the  same,  means 
for  adjusting  the  tension  of  the  springs  of  said 
plungers,  and  means  for  turning  said  hammer. 

808,974.  PROTECTOR  FOR  PNEUMATIC 
TIRES.  Henri  David,  Paris,  France.  Filed 
Jan.   20,   1904.      Serial   No.   189,856. 


808,903.  AUTOPNEUMATIC  MUSICAL  IN- 
STRUMENT. Walter  Crippen,  New  York, 
N.  Y.,  assignor  to  Wilcox  &•  White  Company. 
Meriden,  Conn.,  a  Corporation  of  Connecticut. 
Filed  June  5,  1905.     Serial  No.  263,710. 

809,083.  AUTOMATIC  ELECTRICAL  CON- 
TROLLER FOR  AIR-COMPRESSORS.  Fred 
D.    Ackerman.    Kendallville.    Ind.      Filed    May 

17.  1905.     Serial  No.  260,865. 


The  improved  automatic  controller  for  the  pur- 
pose specified,  comprising  a  valve-chest  and  valve, 
an  air-cylinder  and  a  slidable  piston  contained 
therein  and  connected  with  said  valve,  a  spring 
for  opposing  the  movement  of  the  piston  in  one 
diiection,  a  second  air-cylinder  having  a  spring- 
pressed  piston,  an  air  conductor  connecting  such 
second  cylinder  w'ith  the  valve-chest,  a  slidable 
bar  connected  with  the  last-named  piston,  a  cas- 
ing supplied  to  and  slidable  on  said  bar,  a  spring 
contained  within  the  said  casing  and  applying 
pressure  between  it  and  the  bar,  an  electrical 
switch  one  member  of  which  is  connected  with 
the  casing,  and  spring  locking  and  release  mechan- 
ism connected  with  the  casing  for  holding  it  nor- 
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mally  immovable  and  the  switch  normally  closed 
until  a  ctrtain  predetermined  air-pressure  is 
accumulated. 

S09.206.  MINIXG-M.\CHINE.  Daniel  R.  Mur- 
phy, Scenery  Hill,  Pa.,  assignor  to  Joseph  .\. 
Jeffrey.  Columbus,  Ohio.  Filed  Feb.  20,  1904. 
Serial  No.   194,586. 

The  combination  of  a  motor  platform  or  car- 
rier, a  cutter-frame  having  a  central  thrust-rail 
adjustable  relatively  to  the  motor-carrier  and 
having  its  rear  end  loosely  braced,  and  a  con- 
necting and  bracing  bar  projecting  forward  from 
the  motor-carrier  and  adjustably  clamped  to  the 
said  centre  rail  of  the  cutter-carriage,  substan- 
tiallv  as  set  forth. 


810,061.  PNEUM.ATIC-CUSHIOX  WHFEL. 
Charles  A.  Lee,  Kansas  City,  Kans..  assignor 
of  one-half  to  Albert  T.  Holzmark,  Kansas 
City,  Kans.  Filed  June  28,  1905.  Serial  Xc. 
267,471. 

810,298.  AIR-LOCK  FOR  CAISSONS.  William 
Mcllvrid,  Jersey  City,  N.  J.,  assignor  to  The 
Cockburn  Barrow  and  Machine  Company,  Jer- 
sey City,  N^.  J.,  a  Corporation  of  New  Jersey. 
Filed  June  22,  1905.     Serial  No.  266,488. 

A  casing  having  a  stationary  top  portion  ex- 
tending partially  over  the  upper  end  thereof, 
said  casing  having  an  opening  in  its  side  extend- 
ing lengthwise  thereof  to  permit  of  removing 
and  replacing  the  bucket,  and  means  for  simul- 
taneously closing  said  opening  and  that  part  of 
the  top  of  the  casing  not  covered  by  said  sta- 
tionary   portion. 

810.316.  EMERGENCY  RAIL-BRAKE.  Powell 
O.  Adams,  Cameron,  Tex.  Filed  July  6,  1903. 
Serial  "No.   164,194. 

809.409.  PNEUMATIC  TIRE.  Pardon  \V.  Til- 
linghast.  Edgewood.  R.  I.  Filed  Mar.  5,  1903. 
Serial    No.    146.396. 

809.530.  PNEUMATIC-TIRE  CO\"ER.  William 
A.  Sankey,  Sutton,  England,  assignor  to  Frank 
Reddaway,  Manchester,  England.  Filed  Jan. 
24,   1905.      Serial    No.   242,-544. 

809.633.  SUBMARINE  MINING.  Edgar  F. 
Scheibe,  New  York,  N.  Y.,  assignor,  by  direct 
and  mesne  assignments,  to  Submarine  Gold 
Mining  Company,  a  Corporation  of  New  York. 
Filed  Mar.  1,  1905.     Serial  No.  247,904. 


In  combination,  a  support  arranged  to  rest 
on  the  bottom,  and  a  caisson  supported  thereby 
and  adapted  to  extend  to  the  bottom  to  permit 
expulsion  of  the  water  therefrom  within  the 
area  of  the  caisson. 

809,707.  PNEU.MATIC  TRAIN-CO.NTKOL 

SYSTEM.  John  B.  Linn,  Schenectady,  "N.  Y., 
assignor  to  General  Electric  Company,  a  Cor- 
poration of  New  York.  I'ikd  Oct.  16,  1902. 
Serial    No.    127,464. 

809,774.  SYSTE.M  OF  CONTROL.  Frank  L.. 
Case,  Schenectady,  X.  Y.,  assignor  to  Gcner.il 
Electric  Company,  a  Corporation  of  New  York. 
Filed  June  12,   1905.      Serial   No.    264.7M. 

809,908.  SYSTEM  OF  CONTROL.  Frank  E. 
Case,  Schenectady,  N.  Y.,  assignor  to  General 
Electric  Company,  a  Corporation  of  New  York. 
Filed  Oct.  1,  1904.     Serial   No.  226,7.55. 

809,919.  PNEUMATIC  MOTOR.  Lawrence  U. 
Jobes,  Cincinnati,  Ohio.  Filed  Dec.  5,  1901. 
Serial   No.   235,545. 

The  combination  with  a  bellows,  of  a  bellows- 
passage  communicating  therewith,  a  valve-passage 
leading  from  the  bellows-passage  to  the  exhaust- 
passage;  an  exhaust-passage  communicating  with 
the  valve-passage  by  way  of  a  port;  a  valve  con- 
trolling said  port;  a  pneumatic  placed  in  said  ex- 
haust-passage operating  said  valve:  a  pneumatic- 
passage  leading  from  said  pneumatic  in  the  ex- 
haust-passage to  the  outer  air  with  a  pneumatic- 
I)ort  at  the  outer  end  thereof;  an  air-passage 
communicating  with  said  bellows,  having  an  air- 
port at  the  outer  end  thereof,  the  pneumatic- 
port  and  air-port  being  controlled  by  a  sing'e 
slide-valve. 

810,428.  TUNXEL-SIIIKLn.  Charles  L.  I'arme- 
lee,  Orange,  N.  J.,  and  Edward  G.  Williams, 
Washington.  D.  C.  Filed  Jan.  3.  1905.  Serial 
No.   239,299. 

810.450.  APPARATUS  FOR  TREATING  AIR. 
Frederick  White.  Boston,  Mass.,  assignor  lo 
Regenerated  Cold  .\ir  Company.  Portland,  -Me., 
a  Corporation  of  Maine.  Filed  Sept.  4,  1903. 
Renewed   Nov.    11,    1905.      Serial    No.    286.790. 

810.451.  APPARATUS  FOR  TREATING  .\1K. 
Frederick  White,  South  Boston,  .Mass.,  .is- 
signor  to  Regenerated  Cold  Air  Company, 
Kittery,  Me.,  a  Corporation  of  Maine.  Filed 
Aug.  8,  1904.  Renewed  Nov.  11,  19ti5.  Serial 
No.   286,791. 
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810,514.  FLUID-PRESSURE  BRAKE.  Walter 
V.  Turner,  Wilkinsburg.  and  John  S.  Custer, 
Pittsburg,  Pa.,  assignors  to  The  Westinghouse 
Air  Brake  Company,  Pittsburg,  Pa.,  a  Corpo- 
ration of  Pennsylvania.  Filed  Apr.  27,  1904. 
Serial   No.   205,116. 

810,603.  PNEUMATIC  TOOL.  William  E. 
Badger,  Quincy,  Mass.  Filed  July  20,  1904. 
Serial  No.  217,364. 


passage  in  the  head,  and  means  to  rotate  said 
cylinder  with  relation  to  said  handle  and  source 
of  fluid-pressure  supply. 

810,609.  ELECTROFLUID  PRESSURE  ME- 
CHANISM FOR  OPERATING  RAILROAD 
APPLIANCES.  Walter  J.  Bell,  Los  Angeles, 
Cal.,  assignor  of  one-half  to  Leon  F.  Moss, 
Los  Angeles,  Cal.  Filed  Dec.  1,  1903.  Serial 
No.    183,355. 


A  pneumatic  impact-tool,  including  a  cylinder 
and  piston,  a  valve-casing  having  a  valve  therein 
for  controlling  the  moveinents  of  the  piston,  a 
head  secured  to  said  cylinder  and  held  in  fixed 
relation  thereto  and  to  said  valve-casing,  a 
handle  or  support  upon  which  said  head  is  ro- 
talably  mounted,  said  head  having  a  passage  for 
motive  fluid  which  is  alternately  placed  in  com- 
munication with  opposite  ends  of  the  cylinder,  a 
passage  in  said  handle  which  may  be  connected 
with  a  source  of  fluid-pressure  supply  and  is 
aaapted  to  be  placed  in  communication  with  said 


810,624.  PRESSURE-CONTROLLrNG  DEVICE 
FOR  THE  AIR  SPRINGS  OF  PRINTING- 
PRESSES.  Charles  P.  Cottrell,  Westerly, 
R.  I.,  assignor  to  C.  B.  Cottrell  &  Sons  Com- 
pany, New  York,  N.  Y.,  a  Corporation  of 
New  Jersey.  Filed  Apr.  4,  1905.  Serial  No. 
253.787. 

810,639.  ROCK-DRILL.  Arthur  H.  Gibson, 
Easton,  Pa.,  assignor  to  The  Ingersoll-Ser- 
geant  Drill  Company,  New  York,  N.  Y..  a 
Corporation  of  West  V^irginia.  Filed  Tune  9, 
1905.      Serial   No.    264,433. 


The  combination  with  a  rock-drill  cylindei 
having  a  rear  extension,  of  a  piston  having  a 
hollow  tail-rod  extended  into  and  entirely  in- 
closed by  said  rear  extension,  a  sleeve  surround- 
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ing  the  tail-rod  forming  an  annular  chamber 
within  the  rear  extension,  a  rifle-bar  telescoping 
within  the  tail-rod  and  a  port  leading  from  the 
annular  chamber  to  the  air-space  within  the 
sleeve  and  tail-rod. 

810,672.  DISCHARGE-VALVE  EOR  FLUID- 
COMPRESSORS.  William  Prellwitz,  Easton, 
Pa.,  assignor  to  The  Ingersoll-Sergeant  Drill 
Company,  New  York,  N.  Y.,  a  Corporation  of 
West  Virginia.  Filed  Apr.  1,  1905.  Serial  No. 
253,247. 


A  valve-seat,  a  valve,  its  spring  for  yieldingly 
holding  the  valve  closed,  a  removable  valve- 
guide  engaged  with  the  seat  and  means  for 
yieldingly  holding  the  valve  guide  and  seat  in 
position. 

810,671.  SEPARABLE  HEAD-COUPLrNG. 
William  Prellwitz,  Easton,  Pa.,  assignor  to 
The  Ingersoll-Sergeant  Drill  Company,  New 
York,  N.  Y.,  a  Corporation  of  West  Virginia. 
Filed  Mar.  8,  1905.     Serial  No.  249,135. 


A  separable  head-coupling  for  alined  cylinders 
comprising  two  cylinder-heads  having  shanks  re- 
movably secured  together,  one  of  the  heads  when 
released  being  arranged  to  permit  its  shank  to 
telescope  within   the  shank  of  the  other  head. 

810,725.  BELL-RINGER.  Richard  M.  Crosby, 
Tacoma,  Wash.  Filed  Aug.  2,  1905.  Serial 
No.  272,298. 


810,670.  COOLER  FOR  COMPRK.^SUKS.  Wil- 
Ham  Prellwitz,  Easton,  Pa.,  assignor  to  The 
Ingersoll-Sergeant  Drill  Company,  New  York, 
N.  Y..  a  Corporation  of  West  Virginia.  Filed 
.\pr.   14,   1903.     .Serial   No.  irj2.582. 


.\  cooler  for  compressors  comprising  a  stack 
of  cooling-tubes,  a  casing  therefor  having  an 
upper  fluid-inlet  head,  a  lower  fluid-discharge 
head,  and  a  connecting  body  portion  extended 
into  the  interior  of  the  fluid-discharge  heaJ 
about  the  portion  of  the  stack  of  tubes  extended 
therein  and  removably  secured  to  the  discharge- 
head  whereby  the  air  is  confined  to  the  stack  of 
tubes  within  the  discharge-chamber  and  the  cool- 
ing-tubes may  be  jemoved  from  the  discharge- 
head  by  a  comparatively  short  upward  movement 
of  the  body   portion. 


810,759.     VALVE      FOR      COMPOUND      AIK- 
COMPRESSORS.     Ebenczer     Hill,     Norwalk. 
Conn.     Filed  Jan.  24,  1905.     Serial  No.  242,493. 
A  valve  for  the  intake-passage  of  an  air-com- 
pressor having  a  valve-disk  adapted  to  open  and 
close  the  passage,  a  plunger  movable  toward  and 
from   the   disk,   said  plunger   having  a   surface  at 
its   inner  end  that  is  exposed   to  the  air-pressure 
in   the   intake-passage   when   the   plunger  is  at   :   » 
inner   limit,   and   a   larger   surface   back    from    its 
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inner  end  that  is  exposed  to  the  air-pressure  m 
the  intake-passage  when  the  plunger  is  moved 
f:om  its  inner  limit,  whereby  the  pressure 
against  the  smaller  surface  will  tend  to  move  the 
plunger  away  from  the  disk  and  pressure  against 


the  larger  surface  will  tend  to  hold  the  plunger 
away  from  the  disk,  and  a  spring  arranged  to 
force  the  plunger  against  the  air-pressure  when 
the  pressure  drops  below  normal  and  cause  the 
plunger  to  interfere  with  the  ordinary  action  of 
the  disk. 

810.862.  SAFETY  COUPLING-SECTION  FOK 
AIR-BR.\KE  PIPES.  William  J.  Hofstatter, 
Toledo,  Ohio.  Filed  Aug.  19,  1904.  Serial  No. 
221,370. 

810.863.  COUPLING-SECTION  FOR  TRAIN 
AIR-PIPES.  William  J.  Hofstatter,  Toledo, 
Ohio.     Filed  June  17,  1905.     Serial  No.  265,697. 

810,884.  PNEUMATIC  HOIST.  James  L.  Pill- 
ing, Bucyrus,  Ohio,  assignor  to  Pilling  Air  En- 
gine Company,  Detroit,  Mich.,  a  Corporation. 
Filed  Dec.  27,  1904.     Serial  No.   238,536. 


of  sprockets  thereon,  a  loop-chain  having  its  two 
strands  passing  over  two  sprockets,  a  motor  to 
rotate  the  shaft,  a  throttle-valve  to  control  said 
motor,  and  means  adapted  to  be  actuated  manu- 
ally or  by  contact  with  another  portion  of  the 
mechanism   whereby  said  valve  may  be  actuated. 

810,890.  REV^ERSING  MECHANISM  FOR  RO- 
TARY MOTORS.  Albert  H.  Taylor,  Easton, 
Pa.,  assignor  to  The  Ingersoll-Sergeant  Drill 
Company,  New  York,  N.  Y.,  a  Corporation  of 
West  Virginia.  Filed  July  14,  1905.  Serial 
No.   269,607. 


A  hoisting  mechanism,   including  the  combina- 
tion  of   a   rotatable   horizontal   shaft,    a   plurality 


.\  motor,  means  for  supplying  motive  fluid 
thereto,  a  reversing-valve,  passages  leading  from 
the  motive-fluid  supply  and  the  opposite  sides  of 
the  motor  piston-chamber  to  the  face  of  the 
valye,  a  port  in  the  valve  for  alternately  opening 
communication  from  the  fluid-supply  passage  to 
the  one  or  the  other  of  the  motor  piston-supply 
passages,  exhaust-ports  opening  to  the  face  of 
the  said  valve  and  ports  in  the  valve  for  alter- 
nately opening  communication  from  the  one  or 
the  other  of  the  motor  piston-supply  passages  to 
the  one  or  the  other  of  the  said  exhaust-passages, 
a  spring  for  moving  the  reversing-valve  in  one 
direction  and  means  for  controlling  the  supply 
of  motive  fluid  for  moving  the  valve  in  the  oppo- 
site  direction. 

811,064.  AIR-BRAKE.  Edwin  T.  Hughes.  Glad- 
stone, Colo.,  assignor  of  one-fourth  to  \"incent 
J.  O'Brien,  one-fourth  to  Willis  Z.  Kinney, 
and  one-fourth  to  James  M.  Rogers,  Silverton, 
Colo.     Filed  Oct.  9,  1905.     Serial  No.  281,912. 

811.109.  PNEUM.\TIC  TIRE.  Friedrich  Veith, 
Hochst-in-the-Odenwald,  Germany.  Filed  -Vpr. 
29,   1905.      Serial   No.   257,971. 

811.110.  APPARATUS  FOR  PUMPING  LI- 
QUID. George  L.  Waterhouse,  New  York, 
X.  V.     Filed  June  13,  1905.     Serial  No.  264,981. 
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An  apparatus  comprising  a  plurality  of  recep- 
tacles provided  with  liquid  induction  and  educ- 
tion means,  means  for  controlling  the  flow  of 
steam  to  each  receptacle  to  accord  with  the  rise 
and  fall  of  liquid  therein,  means  for  discharging 
heated  fluid  from  the  lower  interior  of  one  re- 
ceptacle into  the  upper  interior  of  another  recep- 
tacle upon  a  charge  of  liquid  therein  before 
steam  is  admitted  thereto,  and  means  for  caus- 
ing condensation  of  steam  in  said  receptacles 
after  liquid  has  been  discharged  therefrom. 

811,181.  GAS-COMPRKSSOR.  Louis  Sterne, 
London,  England.  Filed  Aug.  18,  1904.  Serial 
No.  221,279. 


811,378.  AIR-COMPRKSSINC.  KNGINK.  Uobl.s 
E.  Clifford,  Lafontaiiie,  Ind.  Fili-.l  .\pr.  17. 
1905.      Serial    No.   255,926. 


A  double-acting  gas-compressor,  composed  of 
two  tandem  single-acting  single-stage  compressor- 
cylinders,  each  having  a  delivery-valve  at  its 
outer  end,  a  gas-tight  casing  of  larger  diameter 
connecting  the  adjacent  inner  ends  of  the  cylin- 
ders, a  return-gas  inlet  to  the  casing,  two  con- 
nected hollow  trunk-pistons  working  in  the  re- 
spective cylinders,  each  such  piston  carrying  a 
suction-valve  and  apertured  to  afford  communi- 
cation between  the  casing  and  the  valve,  radial 
arms  on  the  pistons,  and  piston-rods  connected 
to  the  arms  and  passing  through  lateral  stuffing- 
boxes  at  one  end  of  the  casing,  whereby  the  cyl- 
inders, pistons  and  piston-rods  are  kept  at  a  mod- 
erate   uniform   low   temperature. 


811,296.  PNEUMATIC  SPRING  FOR  VE- 
HICLES. Matthew- M.  Rowland,  Providence, 
R.  I.,  assignor  of  one-half  to  William  W.  Bun- 
nell, Providence,  R.  I.  Filed  May  11,  1903. 
Serial   No.   259,969. 


811,330.       PRESSURE     AND     SUCTION     DE- 
\'ICE.      Eugen  Roth,   bchoneberg,   near   Berlin, 
Germany.       Filed     May     6,     1904.       Serial     No. 
'     206,759. 

An  air-tight  chamber  having  an  elastic  flexible 
wall,  and  a  series  of  devices  conforming  to  and 
movable  with  said  wall,  to  prevent  disruption 
thereof;  with  levers  contacting  said  devices,  a 
reciprocity  rod,  and  an  operative  connection  be- 
tween  the   rod   and   levers. 


An  engine  including  a  support  having  ,i  cham- 
ber therein,  a  hollow  cylindrical  abutment  se- 
cured fixedly  at  an  end  thereof  to  the  support  in 
communication  with  the  chamber  thereof  and 
provided  at  the  opposite  end  thereof  with  a 
valve-seat,  a  valve  operative  on  the  valve-scat 
and  having  an  operating-rod  extending  through 
the  chamber  of  the  support,  a  hollow  cylinder 
movable  on  the  abutment,  a  rotative  shaft  having 
a  crank,  operative  connections  between  the  hol- 
low cylinder  and  the  crank  of  the  shaft,  and  con- 
nections between  the  rotative  shaft  and  the 
opt  rating-rod   of   the   valve. 

811,400.  PNEUMATIC  BELL  RINGER.  John 
Howe,  St.  Joseph,  Mo.  Filed  May  6,  1904. 
Serial   No.    206,772. 

The  combination  of  a  bell-crank  for  an  alarm.- 
bell,  a  cylinder  provided  with  inlet  and  exhaust 
ports  in  the  wall  at  one  side  thereof, only,  a  re- 
ciprocating piston  mounted  therein  and  provided 
with  inlet  and  exhaust  passages  arranged  to  be 
connected  and  disconnected  alternately  with  the 
inlet  and  exhaust  ports  in  the  cylinder,  means 
for  keeping  the  reciprocating  piston  seated  on 
the  port  side  of  the  cylinder-wall,  and  means  for 
connecting  the  reciprocating  piston  with  the  bell- 
crank. 

811,507.  AUTOM.\TIC  .MR-BR.VKE  Al'l'.\- 
R.\TUS  FOR  AUTOMOBILES.  Frederick 
Kalisch,  St.  Louis,  Mo.,  assignor  of  one-eighth 
to  Geo.  D.  Kluegel,  St.  Louis,  Mo.     Filed  Mar. 

24,   1905.     Serial   No.   251,903. 

Sl.1,.525.  AIR-BR.VKE.  Willfam  L.  Stiarwalt 
and  William  11.  Cool,  Bellefontaine.  Ohio.  Filed 
Tune   22,    1905.      Serial    No.    266,.">33. 

811,532.  PNEUNLVTIC  STACKER.  Henry  .1. 
r/aws,  Hopkins,  Minn.,  assignor  to  Scvcrin  N. 
Sorensen,  Minneapolis.  Minn.  l-'ilcd  Feb.  6, 
1904.     Serial  No.  192,293. 
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Editorial  Announcement. 


Commencing  with  the  May  issue,  Com- 
•RESSED  Air  will  be  published  hereafter  by 
'he  Kobbe  Company,  New  York.  Ibe 
ver  increasing  uses  to  which  compressed 
ir  is  being  put,  and  the  important  place 

holds  in  hundreds  of  industries  to-day 
ave  made  it  imperative  that  Compressed 

IR,  for  ten  years  the  leading — in  fact,  the 
nh- — periodical  devoted  exclusively  to 
lis  subject,  be  correspondingly  enlarged 
nd  broadened  to  keep  pace  with  the 
rogress    of    pneumatics    in    general,    for 

hich  it   stands   sponsor. 

The  form  of  the  paper  will  be  changed, 
n  that  its  size  will  be  7  by  10  inche?,  and 
lere  will  be  other  radical  improvements, 
that  Compressed  Air.  in  outward  form, 

ill  be  on  a  level  with  the  best  printed 
id  illustrated  magazines  now  published. 

'Sir.  W.  L.  Saunders  will  still  remain  as 

ditor-in-Chief.  Mr.  W.  R.  Hulbert, 
I.  E..  well  fitted,  both  as  a  theoretical 
and  practical  engineer,  will  be  managing 
editor. 


Contributions  and  correspondence  from 
those  interested  in  the  uses  and  develop- 
ment of  comjjressed  air  for  industrial 
purposes  will  be  gladly  received  and  made 
use  of  if  acceptable,  and  requests  for  in- 
formation will  be  given  prompt  and 
courteous  attention. 

To  those  of  our  readers  who  bind  their 
copies  of  Compre.ssed  Air,  we  make  the 
following  suggestion:  That  they  include 
among  their  copies  for  the  year  1904- 1905 
the  issues  of  March  and  .\pril ;  these  lat- 
ter issues  really  belong  to  the  year  1905- 
1906,  but  as  Compressed  Air  appears  in 
enlarged  form  with  its  issue  of  May,  it 
might  not  be  expedient  to  bind  them  with 
the  larger  copies. 


The  "Air  Man's"  Point  of  View. 

It  is  a  great  mistake  in  the  initial  in- 
stallation of  a  compressed  air  plant  to 
provide  only  for  the  immediate  needs  of 
the  establishment.  It  might  be  set  down 
as  a  rule  without  exception  that  once  air 
tools  are  used  in  a  shop,  the  demand  for 
their  services  will  increase.  Unless 
there  is  something  radically  wrong  in  the 
constrtiction  and  operation,  they  will 
prove  their  ability  as  time  and  money 
savers.  When  it  is  demonstrated  that  the 
first  equipment  of  tools  will  not  supply 
the  demands,  additions  are  bound  to 
come.  .\s  a  result  more  air  will  be 
needed.  If  the  compressor  and  the  piping 
system  were  not  originally  designed  to 
meet  the  increased  needs  it  means  a  dis- 
tinct loss  which,  with  a  little  foresight, 
might  have  been  avoided.  .\n  air  com- 
pressor continually  operated  with  an 
overload,  cannot  be  economical.  The 
best  compressor  will  meet  such  demand 
for  a  time,  but  it  is  going  to  save  money 
to  put  in  a  larger  compressor  rather  than 
run  one  constantly  above  its  rated  capac- 
ity. -An  insufficient  piping  system  means 
a  reduction  in  the  air  pressure,  with  co-i- 
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sequent  injury  to  the  effectiveness  of  the 
tools  in  operation. 

The  day  when  the  installation  of  a  com- 
pressed air  plant  in  the  factory,  machine 
shop  or  foundry  was  an  experiment,  has 
passed.  If  proper  attention  is  given  to 
the  selection  of  the  most  suitable  equip- 
ment and  its  proper  installation,  there 
need  be  no  guess-work  as  to  the  increase 
in  the  demands  for  that  form  of  power 
in  the  future  and  consequent  increase  in 
output  of  your  plant. 

In  addition  to  the  natural  growth  of 
the  plant,  experience  has  proven  that  as 
soon  as  the  compressor  has  been  installed 
the  air  can  be  used  to  advantage,  and  with 
economy,  in  a  variety  of  ways  which  were 
not  considered  at  first.  While  none  of 
these  may  be  important  enough  singly  to 
have  made  the  first  installation  of  such 
a  plant  desirable,  they  are  of  sufficient 
importance  to  make  it  advantageous  to 
supply  the  air  needed,  after  once  the  in- 
stallation is  made.  Such  uses  are  likely 
to  develop  in  the  course  of  time,  and 
failure  to  care  for  them  will  mean  a  loss 
of    small   but  valuable   economies. 

It  is  a  fact  that  too  little  attention  is 
given  to  the  installation  of  a  compressed 
air  equipment.  When  a  manufacturer 
plans  his  factory,  his  power  plant  is  a 
very  important  consideration.  He  looks 
into  the  subject  deeply  and  considers  the 
merits  of  engines,  boilers  and  the  like, 
with  a  A'iew  to  meeting  his  own  par- 
ticular conditions.  The  same  care  should 
be  taken  in  the  selection  of  the  air  com- 
pressor, the  arrangement  of  the  piping 
system  and  the  choice  of  the  attendant 
pneumatic  machinery.  Too  many  shop 
men  put  the  compressor  away  in  a  corner, 
connect  it  with  a  few  hundred  feet  of 
pipe,  and  trust  to  willing  but  inexperi- 
enced hands  to  develop  it  into  an 
economical  part  of  the  shop  system. 
Compressors  can  be  operated  by  men 
without  experience,  and  it  is  by  no  means 
essential  that  a  corps  of  practised  oper- 


ators with  pneumatic  tools  be  engaged  in 
their  shop.  You  cannot,  however,  expect 
economical  results  unless  there  is  proper 
care  for  the  compressor  and  the  devices 
which  utilize  the  compressed  air. 

This  development  of  the  use  of  com- 
pressed air  has  brought  to  the  fore  a 
class  of  skilled  mechanics,  who  for  the 
want  of  a  better  title,  may  be  called  "  air 
men."  Their  experience  and  training  ha:^ 
taught  them  to  look  after  the  various  de- 
tails of  the  compressed  air  plant,  and  to 
get  the  best  out  of  it  that  is  possible. 
Their  point  of  view  is  an  interesting  one. 
We  are  publishing  in  this  issue  an  article 
written  by  one  of  these  men,  who  has 
had  much  experience  in  this  field  and 
whose  ideas  will  be  read  with  interest, 
not  only  by  his  fellow  workers,  but  by 
the  makers  of  compressed  air  machinery 
and  the  manufacturers  who  use  its 
machinerv. 


The  "Air  Man's"  Point  of  View. 


P.V   THE        AIR    MAX.' 

It  may  not  be  uninteresting  to  look  at 
the  pneumatic  end  of  up-to-date  manu- 
facturing establishments  from  the  point 
of  view  of  the  air-man,  who  is  more  or 
less  in  charge  of  air  service  and  tools 
and  is  held  responsible  for.  almost  every 
shortcoming;  being  in  many  cases  the 
long-suffering  victim  of  circumstances  en- 
tirely beyond  his  control. 

He  is  a  kind  of  a  buffer  between  the 
compressors  and  the  workmen,  gets  the 
knocks  on  both  sides ;  and  if  not  of  some 
capacity,  great  patience  and  inexhaustible 
interest  in  his  work,  is  quite  likely  to  be 
put  down  and  out  without  recourse. 

His  duties  in  different  establishments 
in  the  same  line  of  business  probably  vary 
more  than  those  of  almost  anj-  other  posi- 
tion, partly  because  the  managers  of  the 
business  have  no  special  knowledge  of  air 
and  its  application,  and  no  time  to  acquire 
the  same,  and  partly  because  few  men 
have  had  opportunities  to  perfect  them- 
selves so  as  to  satisfactorily  perform  all 
duties  that  should  be  theirs. 

The  management  may  add  the  air-plant 
to   their    establishment    because    competi- 
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tors  have  by  its  use  attained  results  other- 
wise impossible. 

Having  decided  to  install  a  plant,  they 
select  one  recommended  by  their  friends, 
or  used  by  their  competitors,  or  the  quick- 
est, or  the  cheapest  attainable ;  let  their 
piper — who,  very  likely,  never  saw  an  air- 
plant — plan  and  install  pipe  lines  for  dis- 
tribution and  in  a  comparatively  short 
time  learn  that  instead  of  a  dozen  or  so 
of  tools,  they  could  economically  use  fifty 
— not  to  mention  the  other  uses,  more  or 
less  legitimate,  that  are  always  being 
made  of  air  wherever  available — and  that 
both  compressor  and  pipe  lines  should  be 
double  or  treble  the  capacity  which  was 
at  first  deemed  ample. 

Perhaps  they  do  not  at  once  appoint 
an  air-man,  but  add  the  responsibility  of 
running  and  caring  for  the  compressors 
to  the  other  duties  of  the  engineer,  who 
has  already  enough  to  look  after  without 
having  to  care  for  a  kind  of  power  in 
which  he  is  totally  inexperienced. 

The  distributing  lines  are  sometimes 
under  the  care  of  the  piper,  sometimes 
under  the  direction  of  the  engineer,  and 
the  connections  to  the  tools  are  every- 
body's  business. 

When  a  pneumatic  tool  eives  out  it  is 
sent  to  the  tool  room  and  the  first  avail- 
able man  is  directed  to  fix  it  up.  As  time 
goes  on  first  one  man,  then  another,  will 
work  on  air  tools  until  all  are  expected 
to  be  competent  in  that  line  with  an  actual 
experience  of  perhaps  days,  where  months 
would  not  be  too  much  to  make  an  expert. 

Hose ;  not  the  especial  care  of  any  per- 
son will  rapidly  deteriorate,  and  it  is  no 
uncommon  thing  for  oil  to  be  put  into 
hose  to  be  driven  through  it  to  the  tool. 
It  should  be  needless  to  say  that  such 
practice,  besides  being  wasteful,  will  soon 
destroy  hose,  besides  sending  dirt  with 
the  oil  through  the  tools  to  their  serious 
injury. 

Finding  at  length  that  air  power  is  ex- 
pensive, the  manager  selects  from  his 
force  a  man  \yhom  he  knows  to  be  faith- 
ful and  directs  him  to  assume  care;  some- 
times of  the  tools  or  hose  only,  sometimes 
of  tools  and  hose,  sometimes  of  tools,  hose 
and  pipe  lines,  and  sometimes  of  the  whole 
plant,  and  so  a  new  air  man  is  born.  If 
he  is  intelligently  efficient,  a  long  stride 
has  been  taken,  and  results  that  will  be 
appreciated  by  the  management  will  soon 
appear. 

In  a  case  somewhat  similar  to  the  above 


I  was  appointed  air  man  on  a  plant  of 
about  150  miscellaneous  tools  on  ship 
work.  We  now  have  nearly  600.  At  that 
time  the  distribution,  with  the  exception 
of  1.500  feet  of  5-inch  main,  was  all 
through  2-inch  lines  varying  in  length 
from  300  to  1,300  feet,  and  as  the  initial 
pressure  of  100  pounds  had  sometimes 
been  found  to  fall  below  30  on  ships,  new 
compressors  had  been  contracted  for. 

Having  pronounced  ideas  on  the  growth 
of  air  plants,  I  suggested  at  least  6-inch 
pipe  for  mains  to  the  water  front,  and  4- 
inch  distributing  mains ;  was  listened  to 
with  attention  and,  I  presume,  was 
thought  a  visionary  or  crank.  At  all 
events,  there  was  no  move  for  improve- 
ment till  after  the  new  compressors  were 
installed,  which  did  not  materially  change 
existing  conditions. 

The  manager,  having  occasion  to  visit 
some  establishments  of  a  similar  charac- 
ter, returned  and  allowed  everything  I  had 
suggested  and  contracted  for  more  com- 
pressors to  bring  our  capacity  up  to  4,000 
feet  instead  of  the  1,500  feet  originaly  be- 
lieved to  be  all  that  would  ever  be  re- 
quired. At  the  same  time  machine  tools 
were  purchased  and  a  small  shop  placed 
in  my  charge  for  the  repairing  of  hose, 
pneumatic  tools  and  appliances. 

In  laying  the  new  mains  the  same  at- 
tention was  given  to  inclining  the  pipes 
for  drainage  that  would  be  given  to  steam, 
and  traps  were  installed  at  the  low  points 
that  automatically  eject  condensed  water 
and  are,  in  my  opinion,  preferable  to  after- 
coolers,  because  after-coolers  may  not  re- 
duce the  temperature  to  that  of  the  outer 
air  and  may  thus  allow  uncondensed 
water  to  pass,  while  traps  placed  four  or 
five  hundred  feet  from  the  compressor  are 
very  effective.  These  traps  should  be  pro- 
tected from  frost  and,  if  continuous 
freezing  weather  exists  for  a  week  or 
more,  I  have  made  it  a  practice  to  heat 
them  once  in  three  or  four  days  to  make 
sure  that  the  passing  air — which  may  be 
below  freezing  temperature — shall  not 
form  ice  in  them. 

The  method  of  heating  traps  varies  with 
conditions,  but  I  find  good  results  from 
placing  them  so  that  they  can  be  sub- 
merged in  hot  water  that  can  be  drained 
off  when  cool.  This  measure  is  simply 
precautionary  and  I  cannot  vouch  for  its 
necessity. 

Some  pneumatic  tools  are  provided  with 
air    strainers    designed    to    keep    grit    or 
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scale  from  entering  the  working  parts, 
but  many  are  not,  and  many  more  are 
provided  with  ostensible  strainers  that  are 
of  no  practical  value,  being  so  small  as  to 
clog  quickly,  and  usually  constructed  with 
wire  gauze  that  sooner  or  later  breaks  and 
enters  the  tools,  causing  as  much  damage 
as  they   are   designed  to  prevent. 

Our  method  is  to  lead  lines  of  i^^-inch 
hose  to  the  vicinity  of  the  work  and  to 
connect  on  the  end  of  this  hose  manifold 
outlets  mounted  on  an  enlarged  chamber 
across  which  is  stretched  a  diaphragm  of 
bunting.  Bunting  makes  an  efficient  and 
lasting  strainer  and  can  be  very  cheaply 
maintained. 

For  fixed  shop  connections,  a  different 
form  of  manifold  is  constructed,  but  it 
also  contains  the  bunting  strainer,  which, 
in  most  cases,  lasts  about  two  years  before 
needing  renewal. 

Carrying  100  pounds  pressure,  we  can 
supply  15  miscellaneous  tools  or  30  scal- 
ing hammers  from  each  iJ/2-inch  hose, 
and  if  the  workmen  follow  instructions 
and  blow  out  the  small  hose  before  con- 
necting tools,  nothing  more  harmful  than 
rubber  will  ever  enter  a  tool. 

We  had  a  good  deal  of  difficulty  in 
finding  the  best  ^-inch  hose  adapted  to 
our  work,  and  have  now  decided  that  a 
marline-woven  covered  hose  is  the  most 
satisfactory  as  well  as  the  most  economi- 
cal in  the  end,  as  the  marline  protects  the 
outside  of  the  hose  from  the  action  of  the 
weather,  the  hose  is  lighter  and  more 
pliable  and — if  the  condition  of  the  hose 
seems  to  warrant  it — broken  places  in  the 
covering  can  be  served  so  as  to  be  nearly 
equal  to  new. 

Certain  specifications  have  been  made 
regarding  our  hose  that  are,  I  believe,  not 
usual  with  purchasers,  but  the  hose  as 
now  received  certainly  wears  longer  than 
any  previous  purchases. 

We  require  that  marline-woven  air  hose 
shall  stand  a  hydrostatic  test  of  500 
pounds  and  that  the  covering  shall  ex- 
tend from  coupling  to  coupling,  as  this 
gives  support  to  the  weakest  part  of  the 
hose,  which  is  that  covering  the  end  of  the 
coupling  sleeve.  It  is  obvious  that  coup- 
ling clamps  must  be  applied  outside  of  the 
covering,  and  some  hose  manufacturers 
refuse  to  do  this,  claiming  that  clamps 
cannot  be  safely  applied  in  this  way.  But 
our  answer  is  that  we  had  successfully 
practised  this  method  for  more  than  a 
year  in   our   repairs   before   asking   it   of 


the  manufacturers,  and  we  have  purchased 
thousands  of  feet  of  hose  fitted  in  this 
manner. 

It  should  be  stated  that  we  use  a  hose 
clamp  of  our  own  design  for  repairs,  that 
is  made  in  three  parts  and  drawn  to- 
gether by  three  bolts,  which  I  believe  to 
be  preferable  to  those  furnished  by  any 
manufacturer.  We  use  nothing  but 
screwed  couplings,  and  by  screwing  the 
male  thread  of  the  M-inch  hose  into  the 
valve  on  the  manifold  and  making  a  spe- 
cial fitting  for  connecting  the  leaders— 
which  are  6  or  8  feet  of  7-16-inch  hose 
leading  from  the  ^-inch  hose  to  the  tool 
— to  the  female  end,  we  reduce  the  neces- 
sary number  of  joints  to  the  minimum. 

We  also  use  leather  for  all  gaskets, 
and  in  the  purchase  of  valves  select  those 
of  such  design  that  when  they  become 
leak}-  the  original  seat  can  be  replaced 
with  leather. 

We  have  valves  perfectly  air-tight  that 
were  fitted  with  leather  seats  more  than 
two  vears  ago  and  never  renewed. 


Hydraulic  Compressed  Air  in  Connecticut.* 


The  use  of  compressed  air  for  the  de- 
velopment and  transmission  of  power  is 
ver>'  old.  On  the  v/alls  of  a  tomb  in 
Egjpt,  there  is  a  representation  of  two 
men  standing  on  leather  bags  of  air,  alter- 
nately pressing  them  down  with  their  feet, 
to  produce  a  blast  for  a  furnace.  The  an- 
cients used  compressed  air  in  blow  guns, 
in  forming  jets  for  fountains,  in  blasts  for 
forges,  and  for  other  purposes.  Papin 
used  compressed  air  for  forwarding  pack- 
ages, in  tubes,  two  hundred  years  ago  in 
France.  It  has  long  been  used  in  diving- 
bells  and  in  tunneling.  Brunei  used  it  in 
tunneling  under  the  Thames  in  1825.  In 
i8.:|Q  compression  was  proposed  to  be  per- 
formed in  stages,  with  inter-coolers  be- 
tween each  stage,  to  get  750  pounds  press- 
ure  for  locomotives. 

The  first  successful  use  of  compressed 
air  for  the  transmission  of  power,  as  now 
known  and  used,  was  at  the  ^It.  Cenis 
tunnel  in  1861,  where  air  was  compressed 
to  five  atmospheres  by  two  methods,  one 
being  liy  pumps  or  rams  in  which  water 
was  the  piston,  but  though  the  air  came  in 

*  A  paper  read  by  J.  Herbert  Shedd,  Consnlting  En- 
gineer, Providence.  R.  1.,  before  the  March,  1905, 
meeting  of  the  New  England  Water  Works  Aesocia- 
tion. 
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contact  with  the  water,  it  was  only  slightly 
cooled,  at  the  surface  of  the  water  and 
around  the  walls  of  the  cylinders. 

About  1870,  at  Vienna,  and  later  in 
Paris,  a  system  was  installed  for  working 
and  regulating  a  great  number  of  clocks 
by  the  use  of  compressed  air  from  a  cen- 
tral station.  This  soon  developed  into  an 
extremely  important  system  of  power 
transmission.  Paris  now  has  great  com- 
pressor plants  supplying  25,000  horse- 
power, and  more  than  50  miles  of  dis- 
tribution pipes,  supplying  air  at  75  pounds 
pressure  to  thousands  of  customers,  who 
use    it    for    every   purpose,    from    cooling 


smaller,  under  a  given  pressure,  than  the 
same  amount  of  air  would  occupy  if  al- 
lowed to  retain  the'  heat  caused  by  com- 
pression. Then  again,  if  the  compressed 
air  is  heated  just  as  it  enters  the  engine, 
the  volume  will  be  much  increased,  while 
the  same  pressure  is  maintained.  The 
economy  in  using;  coal  for  developing 
power  in  this  way  is  so  great  that  four  or 
five  times  as  much  power  can  be  secured 
from  a  pound  of  coal,  through  reheating 
the  air,  as  can  be  secured  through  making 
steam.  The  reason  for  this  is  chiefly  that 
a  great  portion  of  the  heat  of  the  coal  is 
absorbed,    and   becomes    latent   and    inef- 


beer  or  dusting  furniture,  to  running  elec- 
tric light  dynamos.  A  little  stove,  with 
a  commor  kerosene  lamp,  is  used  to  heat 
the  air  before  use  in  the  small  motors. 
The  motors  in  use  range  in  size  from  one- 
tenth  of  a  horse-power  to  150  horse- 
power, most  of  them  being  less  than  one 
horse-power.  They  are  started  or  stopped 
by  simply  opening  or  closing  a  valve. 

The  cooling  of  the  air  while  it  is  be- 
ing compressed,  and  reheating  it  for  use 
in  engines,  are  matters  of  great  import- 
ance. If  the  air  is  cooled  as  it  is  being 
compressed,    the    volume    will    be    much 


fective,  in  turning  water  from  the  tluid  to 
the  gaseous  form  in  making  steam  power, 
and  no  such  loss  occurs  in  expanding  the 
air  and  so  increasing  its  power.  It  is 
feasible  to  increase  the  power  of  an  air 
engine  fifty  per  cent.,  by  such  reheating  of 
the  air. 

The  method  of  compressing  air  by  en- 
training it  in  water,  and  causing  it  to 
pass  down  in  the  water  to  a  great  depth, 
so  that  it  is  subjected  to  a  great  weight  of 
this  incompressible  fluid,  is  an  ideal  one. 
In  this  way  the  air  is  compressed  isother- 
mally,  the  heat  of  compression  being  ab- 
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sorbed  steadity  by  the  surrounding  water, 
and  the  air  is,  therefore,  delivered  to  the 
pipe  line  as  cool  as  the  water  through 
which  it  has  passed.  The  compressed  air 
is  also  drier,  or  will  be  when  used  in  the 
motor,  than  the  atmospheric  air  from 
which  it  was  withdrawn.  This  comes 
from  the  fact  that  the  surrounding  water 
absorbs  the  moisture  precipitated  from  the 
air  as  its  capacitj^  to  hold  water  is  dimin- 
ished under  compression.  A  dry,  cool 
air  is  thus  secured  for  the  distribution 
system,  comparatively  free  from  the  dan- 
ger of  freezing  on  its  way  to  the  motor,  or 
on  its  expansion  in  or  from  the  motor. 
Where  there  is  no  moisture  to  freeze, 
there  is  no  freezing. 

I  have  been  asked  to  describe  to  you, 
briefl}',  some  of  the  features  of  a  recent 
installation  of  a  plant  for  the  hydraulic 
compression  of  air,  to  be  transmitted  a 
few  miles  for  use  in  the  development  of 
power.  This  plant  is  on  the  Quinebaug 
River,  just  above  its  junction  with  the 
Shetucket  River  in  Connecticut,  and 
alongside  the  track  of  the  Norwich  & 
Worcester  Railroad,  near  the  point  where 
the  track  passes  through  a  tunnel ;  which 
fact  has  given  the  name  of  the  tunnel 
privilege  to  the  falls  which  have  been 
utilized  by  the  establishment  of  this  plant. 
At  this  point  the  river  passes  through  a 
narrow,  rocky  gorge,  and  to  utilize  the 
full  fall  available,  the  surface  of  the  water 
above  the  dam  must  be  brought  within  a 
few  feet  of  the  level  of  the  track.  This 
condition  made  necessary  the  adoption  of 
devices  for  limiting  the  height  to  which 
flood  water  would  rise  over  the  proposed 
dam,  so  as  not  to  overflow  the  railroad 
track.  For  this  purpose  the  length  of 
overflow  on  the  dam  was  increased,  so 
far  as  practicable,  bj-  laying  the  plan  of 
the  dam  somewhat  in  the  form  of  the  let- 
ter Z,  thus  about  doubling  the  length  of 
the  overflow  of  the  dam,  and  of  course, 
correspondingly  decreasing  the  thickness 
of  the  sheet  of  freshet  water  passing  over 
it.  Another  device  consisted  in  the  es- 
tablishment of  automatic  flashboards.  so 
designed  that  with  the  water  at  the  normal 
stage  of  the  river,  the  flashboards  would 
retain  their  position  and  hold  the  water 
to  the  full  allowable  height,  but  upon  the 
increase  in  the  discharge  of  the  river,  and 
consequent  rise  of  the  surface  above  the 
level  of  the  flashboards,  they  would  turn 
to  a  nearly  horizontal  position  and  so 
open  a  passage  for  the  water  to  a  level 


between  three  and  four  feet  lower  than 
the  top  of  the  flashboards  when  in  their 
normal  positions. 

In  the  plan.  Fig.  i,  the  positions  of  the 
screen,  gates,  and  compressor  tank  are  to 
be  seen  upon  the  left  bank  of  the  river. 
The  shore  and  the  bed  of  the  river  at 
this  point  are  of  ledge,  but  the  bed  of  the 
stream  had  been  filled  in  places  to  a  con- 
siderable depth  by  bowlders  unattached, 
though  compactly  placed,  and  it  was  not 
considered  safe  to  form  the  dam  upon  any 
other  material  than  the  solid  ledge  in 
place.  Laborious  and  expensive  e.xcava- 
tion  was  necessary  in  some  places  to  un- 
cover the  ledge,  and  at  points  excavation 
was  made  considerably  below  the  sea  level. 

To  protect  the  men  from  inundation  by 
the  water  in  the  river,  coffer  dams  were 
erected,  covering  successively  different 
portions  of  the  excavation,  and  these  cof- 
fer dams  were  generally  formed  of  square- 
edged  planks,  set  vertically  and  supported 
by   timber   cribs. 

The  dam  is  formed  of  what  is  called 
Cyclopean  concrete,  consisting  of  Port- 
land cement  mortar  with  stone,  gravel, 
and  sand  of  var\'ing  sizes  up  to  those  as 
heavy  as  could  be  handled  by  the  derrick. 
These  materials  were  so  mixed  that  no 
two  pieces  of  large  size  would  touch  each 
other,  but  ever\"  piece  was  surrounded  and 
encased  in  materials  of  less  size  down  to 
the  fine  powder  of  the  Portland  cement. 
These  materials  were  so  placed  as  to 
form  a  dam  of  the  necessary-  stability,  and 
the  form  of  section  for  this  purpose,  as 
adopted,  is  shown  in  Fig.  2. 

The  materials,  w^hile  the  cement  was  set- 
ting, were  held  in  position  by  forms  of 
plank  set  to  enclose  the  dam  and  removed 
when  the  mortar  had  set  sufficiently  for 
that  purpose.  The  positions  of  some  of 
these  enclosing  forms,  together  with  the 
character  of  materials  used,  may  be  seen 
in  Fig.  2. 

When  the  concrete  structure  had  ar- 
rived at  a  sufficient  elevation  to  form  the 
floor  of  the  inlet  to  the  compressor,  the 
surface  was  carefullj-  leveled  and  floated 
and  troweled  to  the  right  elevation.  This 
was  at  the  lower  end  of  the  dam  on  the 
left  bank  of  the  river. 

It  was  necessary  to  control  the  access  of 
water  from  the  river  to  the  head  tank  of 
the  compressor,  and  for  this  purpose  sub- 
stantial mill  gates  were  used.  These 
gates  control  three  openings,  eleven  feet 
wide  and  eleven  feet  high  each.     These 
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gates   can   be   operated   by  a   small   water 
wheel  set  in  the  head  wall  of  the  dam. 

In  constructing  the  dam  it  was  neces- 
sary to  put  it  in  in  sections,  so  that  the 
river  might  be  diverted  and  passed 
through  or  over  one  section  while  another 
section  was  being  constructed.  In  making 
a  junction  of  a  new  section  with  one 
which  had  been  previously  built,  care  was 
taken  to  lock  the  two  together  as  securely 
as  possible  to  obtain  a  tight  connection 
and  one  which  would  have  the  greatest 
available  strength.    The  surface  of  a  sec- 


lity  of  water  flowing  in  the  river  required 
it,  and  would,  of  themselves,  close  again 
when  the  water  in  the  river  had  returned 
to  a  safe  level.  Nearly  seventy  years  ago 
a  dam  was  formed  of  a  series  of  shut- 
ters, in  France,  with  the  a.xis  so  placed 
that  the  pressure  of  water  above  and  be- 
low would  be  equal  when  the  level  of 
water  in  the  pond  stood  at  the  top  of  the 
tlashboards ;  that  is,  the  axis  was  one- 
third  the  height  above  the  bottom  of  the 
flashboards.  When  the  water  rose  above 
this   point,   the   pressure   became    unequal 


FIG.     2.       SHOWIXG    FORMS    AXD    CHARACTER   OF    CONCRETE. 


tion,  partially  constructed,  at  one  end 
of  an  angle  in  the  dam,  and  where  prep- 
arations were  making  to  begin  the  con- 
struction of  a   new   section,   is   shown  in 

'I  he  flashboards,  designed  to  open  and 
furnish  additional  opportunity  for  storm 
water  to  escape,  are  substantial  structures, 
formed  of  white  oak  and  steel,  in  sections 
six  feet  in  length  and  three  feet  seven 
inches  in  height.  Efforts  have  long  been 
made  to  construct  automatic,  or  movable 
dams,  which  would  fipcn  when  the  quan- 


and  was  greatest  above  the  axis.  When 
the  dam  opened  and  relieved  the  pond,  it 
was  found  that  the  dam  would  not  set  it- 
self up  against  the  stream,  after  having 
once  opened,  and  therefore  the  automatic 
action  sought  for  had  not  been  accom- 
plished. In  the  present  instance  the 
flashboards  are  so  hung  that  they  do 
automatically,  and  gradually,  open  and 
close  as  the  water  rises  above  the  crest 
or  falls  to  a  level  with  it.  Some  details 
of  these  flashboards  are  shown  in  Fig.  3, 
and   a  view   of  the   toj)   of  the   dam   with 
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tlashboards  wedged  in  various  positions 
is  shown  in  Fig.  6.  When  the  water  in 
the  pond  is  at  its  normal  level,  and  the 
flashboards  are  in  their  normal  positions, 
the  point  of  bearing  on  the  axis  is  at  one- 
third  the  height  of  the  flashboards  above 
the  bottom,  or  at  the  centre  of  the  press- 
ure of  the  water.  The  lower  portion  of 
the  flashboard  is  so  weighted  that  the 
centre  of  gravity  of  the  moving  parts  is 
below  the  point  of  bearing,  and  up- 
stream from  the  perpendicular  line  drawn 
through  the  point  of  bearing.     The  flash- 


changes,  the  flashboard  assumes  a  new 
position,  either  wider  or  less  open,  as  the 
quantity  of  water  continues  to  increase  or 
decrease.  This  result  arises  from  a  com- 
bination of  overbalancing  weight,  in  the 
lower  part  of  the  flashboard,  aided  by  an 
equalization  of  the  areas  above  and  below 
the  point  of  bearing,  on  which  the  forces, 
caused  by  the  moving  water,  act  when  the 
dam  is  open.  The  device  is  simple  and 
massive.  The  frames  on  which  the  hang- 
ers roll  and  to  which  they  are  confined 
are  well  anchored  to  the  masonry  and  are 
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FIG.   3.      JUXCTIOX  OF   SECTIOXS  OF  THE  DAM. 


board  is  hung  on  a  rolling  hanger,  con- 
fined in  place,  having  such  a  form  that  as 
the  height  of  water  against  the  dam  in- 
creases and  tips  the  flashboard,  the  resist- 
ing point  of  tlie  flashboard  rises  to  meet 
the  new  centre  of  pressure  and  the  re- 
sultant forces  produced  by  the  moving 
water.  In  its  new  position,  the  resistance 
of  the  flashboard  to  motion,  and  the  forces 
tending  to  move  it,  are  in  equilibrium  so 
long  as  there  is  no  change  in  the  volume 
of    water    flowing,    but    as    this    volume 


so  constructed  as  to  furnish  a  stop  to  the 
flashboard  when  it  is  fully  open,  to  pre- 
vent the  possibility  of  its  passing  beyond 
a  point  where  it  could  be  favorably  acted 
upon,  as  the  level  of  the  water  in  the  river 
letreats  to  its  normal  height.  These  flash- 
boards  have  now  gone  through  several 
winters,  with  their  freshets,  accompanied 
by  ice,  logs  or  uprooted  trees  or  other 
floating  matter  and  have  withstood  all  this 
without  resulting  injury,  and  they  have 
worked  satisfactorily  in  allowing  increased 
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opportunity  for  the  escape  of  freshet  water 
and  in  withholding  the  pond  level  to  its 
normal  height. 

Having  now  brought  the  water  to  such 
an  elevation  that  we  can  avail  of  a  suf- 
ficient   fall    between    its    surface    and    the 


sunk  vertically  to  a  depth  208  feet  below 
the  bed  of  the  river  or  215  feet  below  the 
surface  of  the  tail  water,  and  at  the  bot- 
tom this  shaft  was  enlarged  into  a  cham- 
ber to  contain  the  air  separator.  The 
shaft  is  24  feet  in  diameter  and  the  cham- 
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tail  water  we  will  proceed  to  a  further 
consideration  of  the  Norwich  compressor 
plant  with  the  available  fall  of  22  feet. 
In  order  to  compress  the  air  to  a  suf- 
ficient degree  by  submitting  it  to  the 
weight  of  a  head  of  water,  a  shaft  was 


ber  at  the  bottom  is  52  feet  in  diameter. 
Opening  out  of  the  chamber  at  the  bot- 
tom is  an  air  reservoir  regulator,  in  the 
form  of  a  tunnel  from  15  to  20  feet  in 
height  and  18  feet  in  width  and  having  a 
length   of   about    100   feet.      Suspended   in 
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the  middle  of  the  shaft  is  a  downflow  pipe 
of  steel,  about  14  feet  in  diameter,  con- 
nected at  the  top  with  the  head  tank, 
through  which  water  is  received  from 
above  the  dam,  and  at  the  bottom  with  a 
separator  chamber.  This  chamber  is  sur- 
mounted by  an  air  resenoir,  to  contain 
the  compressed  air  when  separated  from 
the  water  in  which  it  had  been  entrained, 
and  with  which  it  had  been  carried  to  the 
bottom  of  the  shaft.  From  the  air  reser- 
voir over  the  separator,  a  16-inch  leading 
main  rises  to  the  surface,  and  is  laid  to- 
ward Norwich,  conveying  air  under  about 
90  pounds  pressure  for  the  use  of  the  en- 
gines at  the  several  establishments  em- 
ploying it  for  power.     A  general  idea  of 


Fig.  9  is  a  view  of  the  head  wall,  with 
a  portion  of  the  dam,  looking  diagonally 
down-stream,  during  the  construction  of 
the  separator. 

After  the  steel  work  had  been  com- 
pleted, all  the  false  works  and  accessories 
were  removed,  and  water  was  turned 
through  the  apparatus. 

When  the  compressor  is  in  full  opera- 
tion, entraining  the  air  and  supplying  it 
to  the  air  chamber  and  leading  main,  the 
collection  of  air  may  be  more  rapid  than 
its  withdrawal  for  use  in  engines,  or  for 
other  purposes.  To  avoid  the  disturbance 
which  would  be  likely  to  occur  if  the  ac- 
cumulated volume  in  the  air  chamber 
should    force    the    line    of    separation   be- 
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the  shaft,  down-flow  pipe,  separator,  lead- 
ing main,  etc.,  can  be  obtained  from 
Fig.  8. 

In  sinking  this  shaft  through  the  ledge, 
below  the  bed  of  the  river,  it  was  found 
that  the  upper  portion  was  not  suf- 
ficiently strong  to  serve  for  the  permanent 
walls  of  the  shaft,  and  for  a  considerable 
distance  the  excavation  was  lined  with 
concrete,  formed  by  filling  a  space  be- 
tween curbing,  inserted  for  the  purpose, 
and  the  surface  of  the  ledge  as  excavated. 

After  the  shaft  and  its  appurtenances 
had  been  completed,  the  erection  of  the 
iiead  tank,  downflow  pipe,  and  separator, 
formed  of  steel,  was  proceeded  with. 
During  this  time,  the  flow  of  the  river,  at 
whatever  stage,  was  passed  over  the  dam, 
or  through  a  sluiceway. 


tween  the  air  and  water  below  the  bottom 
of  the  downflow  pipe,  and  thus  allow  of 
an  eruption  of  air  through  the  downflow 
pipe  and  head  piece,  provision  is  made  for 
a  blow-off,  or  escape  of  air  to  the  atmos- 
phere, through  a  blow-off  pipe,  having  an 
aperture  at  the  bottom  higher  than  the 
level  of  the  bottom  of  the  downflow  pipe, 
and  through  this  aperture  the  excess  of 
air  supplied  to  the  separator  may  escape, 
before  the  water  line  in  the  air  reservoir 
is  carried  low  enough  to  cause  damage. 
A  view  of  the  entire  plant,  taken  while 
this  escape  pipe  was  in  operation  and 
blowing  off  a  surplus  of  air  mixed  with 
water,  is  shown  in  Plate  III,  Fig.  2.  ^Vhen 
this  blow-ofT  pipe  was  first  set  in  position 
it  was  turned  so  as  to  discharge  nearly 
at  right  angles  across  the  river,  and  it  was 
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found  that  the  air  and  water  sometimes 
escaped  with  such  force  that  it  would 
drench  a  passenger  train  passing  over  the 
track.  The  direction  of  the  pipe  was  then 
changed  so  as  to  discharge  diagonally 
down  the  river,  as  now  represented,  and 
where  it  could  do  no  harm. 

The  process  of  entraining  the  air  to  the 
separator   before    its   passage   with    water 


thereby,  a  sufficient  pressure  is  induced  to 
cause  a  free  flow  of  the  outer  air  through 
its  proper  channels  to  the  water.  Having 
been  entrained  there,  at  the  ordinary  at- 
mospheric pressure,  the  air  is  carried 
down  in  bubbles  with  the  water,  and  is 
steadily  compressed  as  the  depth  of  the 
water  increases  until,  as  in  this  case,  it 
reaches  a  pressure  of  about  seven  atmos- 


FIG.    6.      VIEW    OF    CREST    OF    DAM,    SHOWING   AUTOMATIC   FLUSHBOARDS. 


through  the  compressor  is  accomplished 
by  submerging  orifices,  or  air  pipes,  below 
or  in  contact  with  the  surface  of  the  flow- 
ing water;  such  apertures  or  pipes  having 
proper  channels  for  a  free  communication 
with  the  outer  air.  The  air  being  in  con- 
tact with  the  flowing  water  is  entrained 
by  it,  and  a  partial  vacuum  being  caused 


pheres.  Having  escaped  from  the  water 
by  floating  out  of  it  as  the  water  passes 
slowly  through  the  separator,  it  retains,  in 
the  air  chamber,  the  pressure  due  to  the 
weight  of  the  column  of  water  having  the 
height  equal  to  the  difference  in  level  be- 
tween the  tail  water  escaping  from  the 
apparatus  and  the  line  of  separation  in  the 


3988 


COMPRESSED   AIR. 


air  chamber  between  the  accumulated  air 
and  the  water  out  of  which  that  air  has 
floated. 

The  vokime  of  air  which  can  be  car- 
ried down  with  water  depends  somewhat 
upon  the  fall,  or  the  difference  of  level 
between  the  pond  water  and  the  surface 
of  the  tail  water.  The  greater  that  dif- 
ference of  level,  within  reasonable  limits, 
the  greater  the  volume  of  air  which  can 
be  carried  down  w-ith  water.  In  this  case, 
apparently  the  volume  of  air  is  about  one- 
third  that  of  the  volume  of  water  passing 


of  air  w^hich  could  be  entrained  and  car- 
ried down  bj'  a  surrounding  volume  of 
water,  would  be  reached  when  the  aerated 
column  is  about  fifty  feet  longer  than  the 
solid  water  column. 

There  are  various  means  of  measuring 
the  amount  of  air  which  may  be  supplied 
from  a  given  source,  the  most  satisfactory 
of  which  probably  is  to  pass  it  through  an 
air  meter,  having  the  usual  recording  at- 
tachment operated  by  clockwork.  Various 
observations  have  been  made  upon  the 
amount  of  air  which  would  pass  through 
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through  the  apparatus.  The  combined 
volume,  formed  of  a  mixture  of  air  and 
water,  is  of  course  lighter  than  a  column 
of  solid  water,  and  the  aerated  column 
cannot  be  quite  so  much  longer  than  the 
solid  water  column  as  is  represented  by 
the  amount  of  the  fall,  because  a  certain 
amount  of  force,  represented  by  a  portion 
of  the  fall,  is  necessary  to  cause  the  mix- 
ture of  air  and  water  to  flow  through  the 
separator.  I  know  of  no  experiments 
bearing  directly  upon  this  matter,  but  it 
seems  probable  that  a  limit  of  the  volume 


an  orifice,  shaped  appro.ximately  like  the 
contracted  vein  formed  when  a  fluid 
passes  under  pressure  through  an  aperture 
in  a  thin  plate.  The  volume,  or  weight, 
of  air  in  pounds  per  second,  may  be  as- 
certained, with  reasonable  accuracy,  by 
taking  the  area  of  a  circular  orifice  of  this 
form,  in  square  inches,  and  multiplying 
that  by  the  absolute  pressure,  in  pounds 
per  square  inch,  entering  the  orifice, 
divided  by  the  square  root  of  the  absolute 
temperature,  in  degrees  Fahrenheit,  and 
the  whole  multiplied  by  a  coefficient  vary- 
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ing  somewhat  with  the  area  of  the  orifice. 
For  an  orifice  of  one  inch  diameter  the 
coefficient  may  be  taken  at  .53. 

It  is  of  great  importance  that  the  pipes 
leading  the  compressed  air  from  the  source 
of  supply  to  the  point  of  use  shall  be 
tight,  and  it  is  much  more  difficult  to 
secure  such  tightness  with  air  than  it  is 
with  water,  or  even  with  steam.  Cast 
iron  as  a  material  for  such  pipes  has  been 
very  successfully  used,  but  if  the  joints 
have  been  formed  in  one  piece  with  the 
pipe,  they  cannot  be  successfully  made 
tight  by  calking  with  lead,  in  the  manner 
found  to  be  safe  in  conveying  water. 

The  joint  most  extensively  used  in 
Paris,  and  found  to  be  satisfactory  there, 
is  formed  upon  cast-iron  pipes  having  a 
plain  spigot  at  each  end ;  having  brought 
two  pieces  of  pipe  together,  place  over 
the  joint  so  formed  a  short  sleeve,  nearly 
fitting  the  pipe,  and  long  enough  to  fully 
cover  the  joint  under  such  variation  of 
position  as  may  arise  in  practice.  Against 
each  end  of  this  sleeve  is  placed  a  rubber 
ring  or  gasket,  and  these  rubber  rings  may 
be  pinched  against  the  ends  of  the  sleeve 
by  other  properly  formed  sleeves  or  hubs, 
encircling  the  pipe  and  having  flanges 
through  which  bolts  may  pass,  the  hubs 
being  drawn  toward  each  other  by  nuts 
on  the  bolts,  thus  squeezing  the  rubber 
ring  between  the  hub,  sleeve,  and  the  pipe. 
It  is  necessary  to  select  a  kind  of  rubber 
well  adapted  to  this  service,  in  order  to 
secure  a  permanently  tight  joint,  but  with 
materials  properly  selected  and  properly 
applied,  the  leakage  has  been  found  to  be 
so  small  that  it  may  be  neglected  in  es- 
timating the  amount  of  air  which  may  be 
delivered  from  a  distribution  system. 

In  cases  where  it  is  desired  to  substi- 
tute another  form  of  power  in  works 
where  steam  engines  have  been  used,  com- 
pressed air  has  a  great  advantage  over 
electricity,  in  the  matter  of  economy.  It 
is  not  necessary  with  air.  as  it  is  with 
electricity,  to  install  new  motors  at  the 
works,  but  the  engines  which  have  been 
previously  used  with  steam  are  well 
adapted  for  use  with  compressed  air,  thus 
avoiding  considerable  expense  which 
would  be  necessary  for  electric  motors. 

In  Magog,  Canada,  I  inspected  the  op- 
eration of  a  plant  where  air  had  been 
compressed  by  w-ater.  in  a  manner  similar 
to  that  in  operation  at  Norwich,  and 
where  a  number  of  engines  were  running 
to     drive    printing    presses     for    printing 


cloth.     1  asked  the  machinist  if  there  was 
any  special  trouble  in  substituting  air  for 
steam    in   an   ordinary    engine.      He   took 
me  into  the  machine  shop,  where  an  en- 
gine was  driving  the  machines,  and  oper- 
ated  by   steam.      A   connection   had   been 
made  to  this  engine  from  the  air  compres- 
sor,   and    two    pipes,    one    leading    steam 
and   one    leading   compressed   air   to    the 
engine    cylinder,    lay    side    by   side.      The 
machinist   took   hold   of   the   steam   valve 
with    one   hand,    and   the   air   valve   with 
the  other  hand,  and  gradually  closed  the 
steam    valve    and    opened    the    air    valve, 
until  the  engine  was  running  entirely  wuth 
compressed    air    instead    of    with    steam. 
After  running  a  few  minutes  in  this  Avay 
he  reversed  the  process,  gradually  closing 
the  air  valve  and  opening  the  steam  valve, 
until  the  machinery  was  being  again  driven 
entirely    by    steam    power.      Both    opera- 
tions were  performed  without  any  appar- 
ent  change   in   the   running  of   the   lathes 
and   planers,   or   other  machinery,   and   it 
is  probable  that  no  machinist  in  the  shop 
knew  that  any  change  in  the  power  had 
been  made.     The  only  disturbance  during 
the  entire  operation,  that  I  noticed,  was  a 
slight   sound   of  thumping  in  the   engine, 
when  the  air  was  shut  off  and  the  steam 
re-introduced,  probably  caused  by  the  con- 
densation   of    a    small    amount    of_  steam 
when  passing  into  the  cylinder,  which  had 
been  cooled  by  the  compressed  air.     Any 
non-condensing  steam  engine  seems  to  be 
well  adapted  to  driving  by  compressed  air, 
whether  used  at  full  stroke  or  under  cut- 
ofif.  the  substitution  of  air  for  steam  being 
made  without  changing  the  engine. 

I  have  before  mentioned  that  a  great 
economy  in  the  use  of  compressed  air  for 
power  purposes  may  be  secured  by  reheat- 
ing the  air  just  as  it  enters  the  engine. 
An  economy  of  from  30  to  40  per  cent, 
is  sometimes  possible  in  this  way. 

Compressed  air  has  a  great  advantage, 
when  it  is  desired  to  use  transmitted 
power  intermittently,  and  with  periods  of 
non-use  intervening  with  periods  of  use. 
There  is  no  loss  in  maintaining  this 
power  w-hen  it  is  not  in  use.  There  is 
no  leakage  like  the  leakage  of  electricity. 
There  is  no  reduction  of  pressure  like  that 
caused  by  the  condensation  of  steam.  The 
whole  power  is  available  whether  used 
continuously  or  at  intervals. 

Mr.  Sickman — Under  what  conditions 
would  that  be  obtained?  When  you  are 
using  a  great  quantity  or  a  small  quantity? 
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Mr.  Shedd— It  is  when  using  the  quan- 
tity to  which  the  compressor  is  adapted. 
I  believe  the  local  engineer  has  said  he 
thought  he  could  obtain  somewhere  near 
eighty  per  cent.,  but  we  have  never,  to  my 
knowledge,  accurately  measured  the  ef- 
ficiency at  this  point.  The  velocity  of  the 
water  when  it  is  entraining  the  air  seems 
to  be  about  eight  feet  per  second  when  it 
is  doing  its  best  work,  and  under  those 
conditions  the  efficiency,  as  I  say,  in  the 
experiments  in  which  I  took  part,  was  a 
little  over  seventy  per  cent. 


air  is  drawn  in  and  goes  down  in  bubbles 
with  the  water.  At  Norwich  the  head- 
piece is  a  sort  of  gridiron  with  each  bar 
hollow,  open  on  the  lower  side  and  sup- 
plied with  air  at  the  ends,  and  the  water 
passing  down  between  these  gridiron-like 
bars,  the  air  passes  horizontally  through 
the  bars  into  the  water  as  it  passes  by. 
There  is  a  plate  nearly  across  the  pipe, 
}'0u  might  almost  call  it  a  pipe,  a  grid- 
iron bar  with  a  quarter-inch  aperture  on 
each  side.  The  headpiece  is  under  three 
or  four  feet  of  water  all  the  time  and  the 
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Mr.  McKenzie— What  is  the  method  of 
introducing  the  air  into  the  water  as  it 
passes  down? 

Mr.  Shedd — That  has  been  done  in 
various  ways.  At  Magog  it  is  done  by 
a  series  of  three-quarter  inch  pipes  sur- 
rounding a  circle,  the  upper  ends  above 
the  level  of  the  water  and  the  lower  ends 
at  the  point  of  the  greatest  velocity  of  the 
water  as  it  flows  into  the  down-flow  pipe. 
The  water  passing  by  the  end  of  the  pipe 
tends  to  create  a  vacuum  there  and  the 


pipes  to  these  gridiron  bars  rise  above  any 
possible  level  of  the  water  in  the  head- 
piece. They  are  12-inch  pipes  with  a  36- 
inch  centre  pipe. 

Mr.  Fuller— I  should  like  to  ask  Mr. 
Shedd  with  regard  to  the  excavating  of 
the  well,  whether  that  was  expensive?  I 
suppose  there  was  a  good  deal  of  water 
which  had  accumulated  which  had  to  be 
constantly  pumped. 

Mr.  Shedd— Very  little,  indeed;  it  was 
very    favorably    situated    in   that    respect. 
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Down  perhaps  one  hundred  feet  there 
was  one  seam  which  developed  a  pretty 
good  flow  of  water,  but  otherwise  the 
ledge  was  tight.  That  inflow  was  taken 
care  of  by  an  excavation  in  the  side  of 
the  shaft  and  a  dam  between  that  and  the 
shaft  itself,  making  a  well,  out  of  which 
the  water  was  pumped.  We  then  had  no 
more  water  to  amount  to  anything  until 
we  were  at  the  bottom  of  the  shaft. 

^Ir.  Fuller — How  much  did  that  excava- 
tion cost  per  cubic  yard? 

Mr.  Shedd— I  shall  have  to  tell  you 
from  memorj-,  but  I  think  it  was  $3-50  a 
cubic  yard. 

Mr.  McKenzie — Are  there  any  patents 
on  the  general  process  of  compressing  the 
air? 

Mr.  Shedd — Yes.  That  was  patented 
by  a  Canadian  by  the  name  of  Taylor,  in 
England  and  in  this  country. 

Mr.  !McKenzie — Is  there  a  rovaltv  paid  ? 

Mr.  Shedd— That  I  don't  know.  I  don't 
know  what  their  business  arrangement  is, 
but  I  think  the  Norwich  people  are  li- 
censed by  Mr.  Taylor. 

M-.  Sickman — What  is  the  temperature 
of  tbe  exhaust  at  the  engine? 

Mr.  Shedd — That  varies.  It  is  very  low 
in  cases.  It  has  been  low  enough  to 
freeze.  We  had  no  difficulty  in  Magog. 
but  here  there  has  been  slight  amount  of 
moisture,  and  the  temperature  due  to  ex- 
pansion is  low  enough  to  freeze  that 
moisture  unless  the  air  is  reheated.  But 
when  the  air  is  reheated,  which  would,  of 
course,  be  done  in  all  cases  if  you  are 
seeking  economy,  then  there  is  no  trou- 
ble of  that  sort.  There  have  been  a  good 
many  experiments  made  on  the  tempera- 
tures both  of  the  air  admitted  and  the 
air  discharged,  but  I  don't  remember  the 
figures.  Our  experiments  showed  that 
from  about  a  third  to  a  half  as  much 
moisture  was  in  the  air  delivered  by  the 
compressor  as  was  in  the  atmospheric  air 
from  which  it  was  drawn ;  that  is,  the 
air  has  been  made  dry  by  being  enclosed 
in  water. 

Mr.  T.  W.  Mann— In  1876,  I  think  it 
was,  I  was  in  Rochester,  and  they  had  a 
system  of  two  tubes  which  were  air-tight 
and  they  let  the  water  in  at  the  bottom 
and  compressed  the  air  in  one  tube  while 
the  water  was  going  out  of  the  other  tube, 
keeping  a  balance  of  pressure.  I  wonder 
whether  that  would  not  be  a  pretty  good 
way  to  keep  the  moisture  out. 


Mr.  Shedd — I  don't  know,  myself,  about 
the  process  the  gentleman  speaks  of,  but 
I  should  think  it  might  be  very  much  in 
theory  like  a  process  designed  by  Mr. 
Joseph  P.  Frizell,  twenty  years  or  more 
ago,  for  compressing  air.  He  had  a  shaft 
above  a  dam  down  which  water  went 
carrying  air  with  it  and  then  he  had  a 
horizontal  tunnel  and  a  shaft  below  the 
dam  so  that  there  was  a  difference  of 
level  below  and  above  the  dam,  and  at  an 
intermediate  point  he  had  a  chamber  in 
which  the  air  was  collected.  I  should 
think  that  would  be  similar  to  having  two 
pipes.  There  have  been  a  great  many 
ways  of  entraining  air  and  compressing  it 
by  water,  and  I  think  Mr.  Frizell's  was 
perhaps  the  first  really  practicable  scheme. 
But  that  never  has  been  put  into  commer- 
cial use,  so  far  as  I  know,  because  it  was 
an  expensive  process  as  he  designed  it. 

!Mr.  Atkinson — I  happened  to  be  in  Liv- 
erpool some  twenty  j-ears  ago  and  went 
to  the  great  docks,  and  I  found  that  all 
the  power  used  there  was  compressed  air. 
Of  course,  it  would  be  verj-  dangerous  to 
have  fire  among  the  merchandise  there.  I 
am  not  mechanic  enough  to  understand 
the  details  of  it.  but  if  any  of  you  visit 
Liverpool  I  think  you  will  find  that  the 
use  of  air  pressure  throughout  the  docks 
is  very  extensive.  I  once  gave  a  hint  to 
a  mill  man  which  may  be  worth  the  tell- 
ing here.  You  all  know  that  the  fiber  of 
cotton  is  exceedingly  susceptible  to  the 
changes  of  temperature  and  humidity. 
Now.  the  air  which  goes  down  through 
the  wheel  pit  gets  washed  and  cooled.  In 
the  case  of  the  gentleman  to  whom  I  re- 
fer the  basement  of  his  mill  was  on  a 
level  with  the  tail  race,  and  in  hot  weather 
it  was  very  damp  and  very  objectionable. 
I  suggested  to  him  to  put  an  air  drum 
over  the  water  in  the  wheel  pit  and  to 
carry  the  cool,  dry  air  through  a  pipe  into 
his  picker  room  and  from  his  picker  room 
into  the  spinning  room,  and  thus  overcome 
the  humidity.  He  adopted  the  suggestion 
and  it  worked  very  successfully.  That  same 
thing  can  be  done  in  many  places.  There 
is  an  enormous  quantity  of  air  which  goes 
down  through  the  wheels,  even  without 
any  artificial  method  of  carrying  it.  I 
have  been  told  that  at  a  summer  resort  in 
Austria  a  mountain  stream  has  been  used 
to  compress  air,  and  one  of  the  show 
features  is  to  let  the  cool  air  out  in  mid- 
summer and  produce  an  artificial  snow- 
storm.    There   is   a  head  of  about  eight 
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hundred    feet    which    gives    an    enormous 
pressure. 

Our  old  friend  Sam  Webber  had  an  en- 
tireh'  new  device  for  compression  which 
he  has  described  to  me,  and  it  made  such 
an  impression  on  me  as  it  would  natur- 
ally make  on  a  "  duffer."  It  was  entirely 
different  from  Mr.  Frizell's,  and  quite 
different  from  the  one  which  has  been 
described  to-day.  Then,  I  remember  some 
twenty  years  ago  the  Plymouth  Cordage 
Company  desired  to  install  an  engine  for 
hauling  "heavy    stuff   through    their   yard. 


Each  method  of  producing  or  trans- 
mitting power,  whether  by  steam,  or  gas, 
or  oil,  or  electricity,  or  compressed  air, 
has  advantages  of  its  own  under  favoring 
conditions,  but  the  use  and  value  of  com- 
pressed air  seems  heretofore  to  have  been 
but  partially  known  and  poorly  appreci- 
ated. I  quote  from  Richards  :  "  The  use 
of  compressed  air  has  been  slow  of  de- 
velopment, and  is  still  backward,  but  at 
this  writing  I  am  able  to  enumerate  two 
hundred  distinct  and  established  uses  of 
compressed  air,  and  in  more  than  ninety 
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and  we  objected  to  it.  There  was  then 
devised  an  air  locomotive  and  we  sent  the 
designs  to  the  Boston  Locomotive  Works, 
who  built  it  without  giving  any  guaranty 
that  it  would  be  efficient,  but  that  little  air 
engine  is  operating  to-day,  carrying 
around  the  heavy  stock  in  the  yard.  When 
I  returned  from  Liverpool  I  reported  to 
the  Cotton  Manufacturers'  Association 
that  the  English  were  a  generation  ahead 
of  us  in  this  country,  but  we  appear  to 
be  catching  up  with  them  now  in  the  use 
of  air  pressure. 


per  cent,  of  those  uses  electricity  is  abso- 
lutely inapplicable,  and  in  the  remainder, 
which  form  a  field  more  or  less  open  to 
other  agencies  besides  either  air  or  elec- 
tricity, the  air  generally  has  the  advan- 
tage." 

In  the  Norwich  plant  the  production  of 
compressed  air  is  very  uniform  and  the 
pressure  is  held  steadily  at  about  ninety 
pounds  while  the  compressor  is  in  opera- 
tion. A  card  from  the  pressure  recording 
gage  shows  that  the  pressure  for  the 
whole  twenty-four  hours  varies  only  about 
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two  pounds,  standing  at  just  ninety- 
pounds  nearly  all  the  time.  The  water, 
when  this  card  was  taken,  was  turned 
through  the  compressor,  beginning  at  a 
little  before  five  o'clock  in  the  morning, 
and  in  about  ten  minutes  the  card  repre- 
sented the  full  amount  required  to  carry 
the  pressure  from  that  existing  through 
the  night  to  the  ninety  pounds  which  is 
the  standard  pressure.  At  about  fifteen  to 
twenty  minutes  after  five  in  the  morning, 
the  distribution  pipes  are  blown  off,  to 
free  them  from  any  possible  moisture 
which  may  have  gathered  over  night,  and 
this  operation  is  shown  by  the  reduction 
in  pressure  of  about  one  pound.  This 
pressure  is,  however,  restored  in  amout 
ten  minutes,  and  from  that  time  to  mid- 
night the  full  pressure  of  ninety  pounds 
is  uniformly  maintained.  After  that  time 
until  4.45  "in  the  morning  the  pressure 
shows  a  gradual  reduction  of  about  two 
pounds,  but  I  am  informed  that  this  is 
not  probably  the  result  of  leakage,  but 
that  small  amounts  of  air  are  draw;n,  for 
various  purposes,  during  that  period  in 
the  night.  Daily  cards  are  taken,  the 
change  from  one  card  to  another  being 
made  at  about  nine  o'clock  in  the  morn- 
ing. 

The  air  delivered  from  the  Norwich 
plant  is  in  use  in  over  forty  engines,  and 
its  employment  is  a  source  of  great  satis- 
faction to  the  men  who  formerly  were 
obliged  to  reach  the  works  by  4  or  4.30 
in  the  morning,  to  get  up  steam  and  have 
everything  ready  to  start  at  7,  and  who 
now  have  the  comfort  of  waiting  until  a 
few  minutes  before  7.  Upon  arrival  they 
simply  turn  a  valve  and  the  machinerj'- 
starts  oflf  at  full  speed. 

Discussion. 

Mr.  Edward  Atkinson — I  should  like  to 
ask  if  this  power  is  sold. 

Mr.  Shedd — It  is  sold  to  various  small 
factories  in  Norwich  and  vicinity,  which 
formerly  used  steam  and  are  now  using 
compressed  air  in  its  place.  I  have  noth- 
ing to  do  with  the  financial  part  of  the 
business,  and  I  do  not  know  what  the 
prices  charged  are,  but  these  concerns  at 
least  have  preferred  to  use  air  at  the  price 
at  w^hich  it  is  sold  rather  than  steam, 
which  they  had  been  using. 

Mr.  Atkinson — It  was  a  question  in  my 
mind  as  to  whether  at  the  price  at  which 
it  is  sold  it  pays  the  promoters. 

Mr.  Shedd — That  I  am  unable  to  sav. 


Mr.  T.  H.  ]\IcKenzie — Are  the  pipes 
laid  as  water  pipes  are,  below  the  frost? 

2vlr.  Shedd — No ;  most  of  them  are 
about  four  feet  deep,  but  really  there  is 
no  occasion  to  laj^  them  below  frost,  ex- 
cept that  it  is  desirable  to  have  them  so 
low  that  they  will  not  be  thrown  by  the 
frost. 

Air.  IMcKenzie — Why  does  the  air  blow- 
off  blow  both  water  and  air? 

]\Ir.  Shedd — liecause  the  inlet  to  the 
blow-off  pipe  is  just  at  the  level  of  the  air 
and  water,  and  as  the  air  begins  to  pass 
out  it  carries  water  with  it,  so  that  water 
and  air  are  discharged. 

A  question  has  been  asked  me  as  to 
how  the  flashboards  have  worked  in  prac- 
tice. The  only  trouble  they  have  had  from 
the  flashboards  has  been  that  when  they 
are  open  leaves  flowing  in  the  stream 
sometimes  catch  in  the  seats  and  flash- 
boards  do  not  entirely  seat  themselves 
afterwards,  so  that  there  is  a  little  leakage 
for  a  time  until  the  leaves  are  cleared 
from  under  the  seat. 

Mr.  Frank  L.  Fuller — I  should  like  to 
ask  Mr.  Shedd  in  regard  to  utilizing  the 
different  amount  of  flow  at  different  sea- 
sons of  the  year.  I  think  all  the  slides 
which  were  put  upon  the  screen  showed 
water  running  to  waste. 

Air.  Shedd — Yes ;  the  plant  is  adapted 
to  1,500  horse-power,  and  the  stream  is 
usually  capable  of  developing  consider- 
ably in  excess  of  that  amount  of  power. 
\V  ater,  of  course,  is  running  to  waste  over 
the  dam  w^hen  there  is  only  1,500  horse- 
power or  less  going  through  the  compres- 
sor. When  the  compressor  is  taking  a  less 
quantity,  adjustment  is  made  in  the  head- 
piece. 

Mr.  Fuller — I  presume  it  is  quite  a  vari- 
able stream. 

Mr.  Shedd — Yes;  but  it  is  pretty  well 
reservoired.  As  near  as  I  remember, 
there  are  forty-three  different  storage 
reservoirs  on  that  stream.  It  rises  in 
Worcester  County  in  Massachusetts,  and 
there  are  a  great  many  mills  on  the 
stream ;  it  has  been  very  well  developed 
for  manufacturing  purposes. 

Mr.  Fuller — Could  not  another  compres- 
sor be  used  when  there  was  plenty  of 
w-ater  ? 

Mr.  Shedd — Yes ;  there  is  an  opportun- 
ity to  place  another  alongside  of  this  one. 
Everything  has  been  so  arranged  that  no 
disturbance  would  occur  if  another  com- 
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pressor  of  equal  capacity  were  set  along- 
side of  this. 

Mr.  McKenzie — Is  there  any  patent  on 
the  apparatus  for  the  dashboards? 

Mr.  Shedd — Yes.  there  is. 

Mr.  McKenzie — Who  owns  it? 

Mr.  Shedd — I  guess  it  is  pretty  nearly 
free. 

Mr.  McKenzie — What  do  you  mean  by 
its  being  pretty  nearly  free  ? 

Mr.  Shedd — Well,  there  wouldn't  be 
much  objection  to  anybody  using  it  for 
these  purposes. 

Mr.  Albert  F.  Sickman — I  would  like  to 
inquire  if  you  know  what  the  efficiency  of 
this   compressor    is? 


tion  of  all  classes  of  machinery  by 
transmitted  power.  Among  the  most 
common  systems  of  distribution  are  me- 
chanical (shaft,  rope,  belt  or  chain)  ;  hy- 
draulic, pneumatic  and  electric.  The  me- 
chanical distribution  systems  are  costly 
to  install,  and  somewhat  cumbersome ; 
their  practical  range  is  but  a  few  hundred 
feet. 

Hydraulic  transmission  is  objectionable 
for  general  use  because  of  the  many  leaks, 
and  the  problem  of  disposing  of  the 
"  used  ■'  water.  Pneumatic  transmissions, 
unless  carefully  designed,  are  subject  to 
water-condensation  troubles  and  to  in- 
visible leakage.     If  proper  care  is  exer- 
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Mr.  Shedd — The  efficiency  has  not  been 
measured  at  this  place  particularly,  but  I 
took  part  in  several  experiments  as  to  the 
efficiency  of  the  plant  of  Magog,  and  that 
ranged  from  about  si.xty-two  per  cent,  to 
a  little  over  seventy  per  cent.  The  high- 
est efficiency  we  obtained  was  a  little  over 
seventy  per  cent. 


Applications  of   Pneumatic   Power   in    the 
Machine  Shop. 


There  was  a  general  tendency  during 
the  nineteenth  century  toward  the  central- 
ization of  prime-movers   and   the   opera- 

*By  R.  Emereon,  in  TTie  Engineering  Magazine 


cised  to  install  pipes  and  joints  that  do 
not  leak,  the  practical  radius  of  use  (while 
not  usually  comparable  in  length  to  long- 
distance electric  transmission)  is  very 
considerable ;  and  in  special  cases  the  sys- 
tem has  a  number  of  advantages  over 
electricity.  The  relative  generating, 
transmitting  and  operative  efficiency,  in 
shops  or  works  installations,  or  in  small 
plants,  is  not  in  favor  of  electricity;  al- 
though the  costs  of  piping  and  wiring,  for 
equal  powers,  are  comparable,  the  initial 
costs  of  generators,  versus  compressors, 
of  electric  versus  air  motors,  of  trans- 
formers versus  reservoirs  (not  to  speak 
even  of  switchboards)  are  greatly  to  the 
advantage    of    the    pneumatic    equiptr»ent. 
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The  lack  of  danger  in  an  air  system  has 
been  cited — an  important  feature  in  tools 
working  in  close  quarters  on  metals ;  and 
the  greater  portability  of  the  air  tools 
now  on  the  market  compared  with  the 
electric  contrivances  thus  far  in  general 
use  in  the  United  States  and  in  Germany, 
is  a  point  of  advantage  that  every  shop 
man  (and  shop  men  must  use  the  ma- 
chines) will  vouch  for.  A  further  under- 
lying advantage  is  that  electricity  is  used 
practically  to  impart  rotary  motion  alone, 
whereas  air  has  an  endless  variety  of  uses. 
Thus  it  is  that  compressed  air  has  found 
favor  in  mining,  bridge  and  ship-building, 
structural    steel    work,    in     erecting-shop 


ment  rapid  and  extensive  and  its  effect  on 
prevailing  practices  and  methods  has  been 
so  marked  as  almost  to  revolutionize 
every  important  line  of  modern  engineer- 
ing. Stone  cutters,  rock  drillers,  motors, 
hammers,  yoke  riveters,  hoists,  lifts, 
presses,  carpet  cleaners,  sand  blast,  paint- 
ing machines,  conveyors,  bolt  nippers, 
jam  riveters,  flue  cutters,  holder-ons,  air 
jacks,  sand  rammers,  bell  ringers,  sand 
sifters,  fire  forges,  brazing  and  welding 
flames — these  are  a  few  of  the  less  well- 
known  uses  of  compressed  air. 

Pneumatic  and  electric  motors  do  not 
"  generate  "  power ;  they  turn  into  useful 
work    the     energy    transformed    through 


ONE    MAN    REAMING    IN    BOILER    STEEL. 


work;  that  in  a  recent  large  quarry  in- 
stallation it  was  preferred,  though  the 
lines  ran  two  miles  from  the  power  plant ; 
that  in  the  early  development  of  Niagara 
Falls  as  a  power  centre,  it  was  proposed 
to  use  compressed-air  transmission,  and 
that  in  British  Columbia,  at  Ainsworth 
on  Kootenai  Lake,  an  automatic  air-com- 
pressing plant  is  delivering  compressed 
air  to  miners  within  a  radius  of  several 
miles.  Modern  railroading,  as  a  further 
instance,  with  its  high-speed  and  heavy 
trains,  would  have  been  impossible  with- 
out the  air  brake. 

The  great  variety  of  uses  to  which  air 
power  can  be   put  has   made   its   develop- 


thcm.  Both  electric  and  pneumatic  motors 
are  of  such  recent  development  that  many 
practices  that  ought  to  be  obsolete  still 
prevail,  especially  in  railway  shops,  where 
competition  does  not  exert  the  same 
stimulus   as   in  commercial   shops. 

The  shops  of  the  immediate  past  had 
a  main  shaft  driven  by  a  Corliss  engine. 
This  shaft  drove  all  the  machine  tools. 
There  was  either  a  mechanical  or  a  hand 
crane — or  none  at  all — over  the  erecting 
or  assembling  floor.  Present  practice 
drives  generators  direct  by  high-speed 
"  automatic  "  engines  ;  takes  the  current  to 
large  20  or  30-horse-power  motors  (rele- 
gated to  the  rafters   in  the   shops),  each 
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driving  a  "  group  "  of  machines,  through 
main  and  countershafts,  some  heavy  ma- 
chines having  individual  motor-drive;  and 
also  installs  an  air  compressor,  reservoir 
and  piping,  with  motors  and  hammers  for 
use  on  the  floor  and  outside. 

While  it  is  probable  that  individual  and 
group  drive  will  be  retained  much  as  at 
present,   the    impending   advance    in    shop 


IXTERXAI.   MECHANISM  OF  AIR  HOIST,   SHOW- 
ING  THE   SMALL  PNEUMATIC  ENGINES 
DRIVING  THE  WORM  OF  THE  WORM 
GEAR. 

betterment  with  increase  of  capacity,  in- 
dicates that  many  heavy  operations  will 
be  done  by  portable  tools  (whether  light 
electric  or  air,  or  the  heavier  electric- 
driven  machines  carried  on  trucks  or 
transferred  by  crane)   avoiding  the  effort 


of  moving  the  mountain  to  Mohammed. 
It  is  this  phase  of  the  question  that  in- 
terests us,  for  it  means  a  transformation 
not  only  of  work  done  by  hand  to  work 
done  by  po%yer.  but  also  transplanting  of 
work  done  in  the  machine  shop  to  work 
done  on  the  floor,  and  the  savings  and 
economies  to  be  effected  will  be  consider- 
.iblv  greater  than  those  obtained  through 
individual  or  group  electric  machine- 
drives — greater  even  than  those  obtained 
by  high-speed  steels.  For  example:  If 
it  takes  14  hours  to  set  up  a  job  and  6  to 
do  it.  of  which  during  less  than  3  a  high- 
speed tool  is  actually  cutting,  a  saving  of 
10  or  12  hours  might  be  realized  by  mov- 
ing a  portable  tool  to  the  part  to  be  re- 
paired or  machined. 

A  few  years  ago  Cand  even  in  some 
shops  to-day)  all  drilling,  tapping,  chip- 
ping, calking,  riveting,  reaming,  flue 
rolling,  grinding  of  joints,  cutting,  bead- 
ing, valve-seat  facing,  ramming,  etc.,  was 
done  entirely  by  hand,  and  there  was  no 
such  thing  as  an  air-lift  to  handle  work 
for  heavy  machines :  to-day  all  progress- 
ive shops  arc  dependent  on  air  for  eco- 
nomical production. 

The  Ez'olution  of  Motors  into  Modern 
Types. — Having  a  general  conspectus  of 
the  field  of  work  to  which  portable 
power-driven  tools  are  applicable,  it  is  in- 
teresting to  note  the  recent  development 
and  improvement  in  design  of  these  tools 
before  passing  to  the  consideration  of  in- 
trinsic merits  of  modern  types. 

The  earlier  motors  were  hea\y  and  un- 
wieldy compared  to  those  now  in  use. 
One  of  the  first  was  the  product  of  a 
boiler-shop  foreman  in  a  western  railway 
shop.  Later,  an  improved  motor,  and  an 
air  hammer,  were  developed.  A  young 
mechanic,  seeing  this  hammer  in  opera- 
tion and  realizing  its  advantages  in  chip- 
ping castings,  introduced  himself  to  the 
inventor,  who  in  a  small  shop  employing 
four  or  five  men,  was  making  these  tools. 

The  mechanic,  who  was  an  able  demon- 
strator, combined  with  this  quality  an  un- 
usually pleasing  personality,  great  imag- 
inative foresight,  organizing  ability  and 
unbounded  enthusiasm.  He  agreed  to 
take,  and  to  sell,  the  entire  product  of 
the  little  shop.  Within  twelve  months  the 
shop  output  had  been  increased  manifold, 
and  a  few  years  later  the  inventor  was 
enabled  to  retire  with  a  large  fortune. 
Great  credit  must  be  given  to  these 
pioneers  through  whose  efforts  this  inno- 
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vation  was  put  into  practical  and  eco- 
nomical use.  It  is  no  small  achievement 
to  change  radically  time-honored  methods 
of  the  mechanical  trades  in  the  space  of 
less  than  a  generation,  especially  when  it 
is  realized  that  the  machines  in  question 
were  far  from  being  perfect  when  they 
were  first  taken  hold  of  by  these  men. 

This  brief  sketch  illustrates  the  newness 
of  the  air-motor  as  a  practical  machine, 
and  its  rapid  extension  to  many  lines  of 
work. 

The  early  motors  were  unwieldy  and  in- 
efficient to  such  an  extent  that  there  was 
great  difficulty  in  persuading  men  to  use 


them  the  stimulus  to  make  a  machine 
that  would  not  only  do  the  work— do 
"  hand "  work  in  very  close  quarters — 
but  that  would  also  be  easy  and  convenient 
to  use— that  would  save,  not  increase,  the 
man's  effort.  Realizing  the  necessity  of 
securmg  the  hearty  and  willing  co-opera- 
tion of  the  workers,  shop  officials  have 
become  more  critical,  have  instituted  tests 
of  efficiency  and  power,  of  durability,  and 
of  economy  of  maintenance  in  proportion 
to  weight,  and  these  tests  have  thus  re- 
acted on  the  business  of  the  manufac- 
turers, forcing  them  by  competition  to  im- 
prove their  air  tools. 


A         HAiXD        JOB    DUXE    liV    AlK. 

Drilling  in  a  locomotive  fire-door. 


them.  "  Old  men,"  dogs,  braces,  clamps, 
had  to  be  rigged  up  before  the  machine 
could  be  used ;  but  even  with  a  helper 
(and  the  weight  and  vibration  of  the  mo- 
tor necessitated  two  men)  the  men  were 
loath  to  employ  air  tools,  because  of  the 
difficulty  in  handling.  The  average  man 
on  day  work  seeks  not  how  quickly,  but 
how  easily,  to  do  a  job. 

Productive  Efficiency  in  the  SJwp. — An 
air  tool,  however,  like  all  other  machinery, 
is  intended  as  a  help  to  the  men  and  the 
work,  and  not  as  a  hindrance,  so  rival 
manufacturers  have  continually  had  before 


As  an  instance  of  the  interest  and  in- 
fluence of  users  of  air  tools,  a  railroad 
official  asked  various  manufacturers  to 
submit  their  most  efficient  and  useful  ma- 
chines for  test.  These  and  some  six  of 
the  older  type  machines  were  thoroughly 
tested,  at  various  speeds,  under  various 
loads,  and  with  different  air  pressures. 
Gauge,  meter,  scale  and  revolution  read- 
ings were  taken  at  half-minute  intervals, 
and  endurance  tests  of  half  a  day  were 
also  carried  out.  From  these  tests,  and 
from  records  kept  of  service  of  motors 
and  of  itemized  repairs  made  to  each  ma- 
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chine,  extending  over  a  period  of  two 
years,  the  data  in  the  accompanying  dia- 
grams  are   taken.     Consequent   upon  the 


tests  and  their  calculated  results,  orders 
were  placed  in  several  sizes  for  a  number 
of  each  of  the  best  machines.  These 
machines,  allotted  to  certain  men  and 
gangs  in  the  shops,  came  at  once  into 
general  favor,  and  owing  to  a  rigorous 
system  of  inspection  and  repair  (blank 
forms  of  the  records  of  which  are  here- 


MODERX     HEAVY    DRILLIXG     WITH     AN        OLD 
MAN." 

with  shown),  their  efficiency  was  far 
higher  than  had  been  the  case  with  the 
older  machines,  while  the  repair  cost  per 
hours  worked  fell  below  that  of  previous 
experience. 

Certain   of  the  machines   were  not  as- 
signed  to   definite    gangs,   but    were    for 
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general  use.  Tlie  men  who  had  need  of 
a  machine  demanded  one  of  the  new  ones. 
One  make  of  machine  was  in  particular 
favor  l)ecause  of  its  lightness.  In  fact, 
there  were  cases  where  men  had  to  be 
disciplined  for  failing  to  turn  in  motors 
on  Saturday  night  for  inspection,  because 


VALVE-SEAT-FACING    ARRANGEMENT. 


Hitherto  undesirable  joi)s  of  reaming 
and  drilling  in  contracted  spaces  were 
made  so  umch  easier  that  they  were  no 
longer  ^hunned.  ihe  one  item  of  reaming 
holes  alone  was  cut  to  less  than  one  quar- 
ter the  former  labor  cost,  when  a  heavier 
type  of  machine  was  used.  This  was  due 
to  the  fact  that  the  mechanic  did  not  need 
a  helper  and  could  work  more  quickly  and 
to  better  advantage. 

It  will  be  noted  that  a  number  of  repair 
items  in  the  sample  record  illustrated  arc 
quite  heavy ;  and  it  should  be  explained 
that  these  machines  were  the  total  of  those 
■■  out-of-business  "  among  over  one  hun- 
dred in  use  in  the  shops,  and  that  as  there 
was  a  system  of  pay  in  effect  reward- 
ing men  according  to  their  individual 
effort,  it  was  considered  greater  economy 
to  wear  out  the  machine  by  continual  and 
heavy  service  than  to  save  the  machine  at 
the  expense  of  shop  output  costs. 

Comparative  Motor  Performance. — 
rherc  is  subjoined  an  outline  drawing 
showing  the  general  dimensions  and  sizes 
of  the  five  principal  motors  put  on  the 
market  in  the  past  ten  years.  These  mo- 
tors have  all  received  extensive  use  and 
are  the  best  representatives  of  the  most 
successful,  mechanically  and  commercially, 
of  the  motors  of  the  period  mentioned. 
The}'  are  arranged,  with  one  exception,  in 
the    order    of    their     appearance     on    the 


O'^^S'e 


f~    t     <=>    o    h- 

DIAGKAM  OF   METHOD  OF  TESTING   MOTORS. 


they  feared  that  they  might  miss  getting 
the' same  machine  Monday  morning.  Men 
w^ho  would  not  use  a  motor  previously 
now  began  proposing  its  application  to 
all  kinds  of  jobs,  and  results  in  most  cases 
justified  in  complying  with  these  sugges- 
tions. 


market  and  the  progress  in  lightness  and 
compactness  is  very  evident. 

Some  of  the  data  obtained  in  the  motor 
test  are  worthy  of  attention.  The  cost 
of  compressed  air  was  determined  by  a 
thorough  one-week's  test  of  the  power 
plant.     In  the  diagrams  the  small  circles 
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horizontal  lines  being  spaced  \  inch  apart;  ruled  in  light  blue  except  the  doited 

lines,  which  are  red  :  printed  in  brown. 
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represent  the  live  motors  in  the  order  in 
which  they  appear  in  the  outline  drawing. 
It  will  he  seen  that  the  net  purchase  price 
(in  quantity)  of  these  tools  has  slightly 
decreased.  yet  the  design  has  been  im- 
proved. The  efficiency  o£  the  motor  has 
increased  in  everj-  wa3\  also,  in  a  sur- 
prising degree — the  losses  in  the  older 
types  being  due  to  large  leverages  and 
consequent  working  loose  and  wearing  of 
parts,  and  to  poor  piston  fits.  It  should 
here  be  stated,  however,  that  in  this  series 
of  tests  the  machines  selected  were  all  in 
good  condition,  the  new  ones  having  been 
"  warmed  up  '"  by  a  few  weeks  of  '"  active 


was  driven  at  a  point  far  away  from  the 
crank,  and  as  no  provision  was  made 
for  balancing,  the  vibration  was  excess- 
ive. The  oiling  also  was  unsatisfactorA*. 
In  the  old  "w-ing"-type  motors  it  was 
difficult  to  keep  the  mechanism  properly 
oiled,  as  the  air  driving  the  motor  carried 
out  the  oil  in  the  exhaust.  In  the  later 
types,  the  cranks  run  in  oil,  and  the  air 
comes  in  contact  with  the  piston  only. 

Simplicity  of  design,  compactness,  few- 
ness of  parts,  are  the  elements  that  char- 
acterize the  later  tj-pes  of  motor.  The 
strongest  motor  is  not  the  heaviest;  the 
most   powerful   is  not  the   largest. 


AN        UNDESIRABLE 


JOB,   MADE  EASY  BY  USE  OF  ANGLE  DEVICES  IN  CONNECTION  WITH  AN 
AIR    MOTOR. 


service "  and  the  older  machines  having 
been  previously  put  in  thorough  repair 
and  adjustment,  so  that  each  machine 
might  give  the  best  performance  of  which 
it  was   capable. 

Referring  to  the  last  of  the  three  dia- 
grams, the  line  representing  relative  costs 
of  operation  per  unit  of  work  is  most 
striking. 

The  earlier  casings  and  parts  were 
heavy  and  large,  to  withstand  as  yet 
undetermined  strains.  Little  attention 
was  paid  to  the  selection  or  testing  of  the 
materials    used    in    the   motor.      Tlic    tool 


In  examining  into  the  reasons  for  the 
increased  economy  and  compactness  of 
the  later  types  in  proportion  to  power 
developed,  it  may  be  stated  that  a  higher 
number  of  revolutions  of  tool-socket  per 
minute  has  been  one  of  the  factors.  In 
one  of  the  later  types  a  two-speed  gear 
provides  for  both  slow  and  fast  opera- 
tions and  this  has  been  found  of  great 
use. 

An  important  point  is  tliat  in  the  ear- 
lier types,  the  repair  and  maintenance 
costs,  as  well  as  the  operative  costs, 
were    excessivelv    high,    and    that    owing 
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to  this  condition,  the  time  lost  by  the 
machine  to  productive  service  was  very 
great.  Even  under  these  disadvantages 
the  early  machines  were  able  to  compete 
economically   with   hand   labor:    and   now 


It  is  a  very  favorable   sign  that  the  ten- 
dency   is    toward : 

Decrease    of    weight,    decrease    of  first 

cost,    decrease    of    maintenance    cost.  <le- 

crease  of  operative  cost,  increase  of  cffi- 


CONVENIENT    RACK    FOR    .STORING    AIR    MOTOR. S. 
Designed  by  a  tool-room  machiiiii't. 
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ciency  and  economy,  increase  in  applica- 
bility to  various  classes  of  work,  increase 
of   time  in   service. 

While   it  has   been   shown   that  the   air 


by  pneumatic  tools.  There  are  certain 
classes  and  conditions  of  work  for  which 
they  are  peculiarly  adapted,  and  in  gen- 
eral   practice,    for    reasons    already    men- 


DI.AGRAM    OF    C0MPAR.\TIVE     SIZES     OF     MOTORS. 


DI.\GRAM     OF    DATA     BROUGHT    OUT   BY   TESTS   OF   AIR    MOTORS. 
Mean  resnlts  of  three-weeks  test  upon  ei/ht  machines,  using  tlie  nietliod  shown  in  the  diasrnm  above. 


motor  has  well  earned  an  important  place 
in  modern  industry,  and  is  likely  to  ex- 
tend its  usefulness,  it  cannot  of  course 
be  claimed  that  the  field  of  power-driven 
portable    tools    will    be    held    exclusively 


tioned,  they  will  hold  their  own  for  long 
to  come  over  electric  and  other  rivals. 

Portable    Elcct'-ic    Motor. — In   the    past 
the   electric   motor   has   been   handicapped 

in  its  introduction   as  a  portable  tool  be- 
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cause  of  its  great  weight  and  compara- 
tively high  first  cost,  proportionate  to 
horse-power  developed.  For  this  reason 
the  air  motor  has  held  a  virtual  monop- 
oly of  this  class  of  work,  even  in  this 
"  Age    of    Electricity."      Owii\g    to    great 


weight   is   possible   by  the   use   of   alumi- 
num in  armature  and  field  coils. 

The  illustrations  show  one  type  of 
portable  electric  motor,  attached  to  a 
planer,  grinding  links  which  are  given 
the   proper  motion  by  a  jig  on  the  bed 


A  FORMERLY  "  UXDE?IR.\ELE  "   TOE  OF   i 


Y  .\IR  TOOLS. 


DhN-Il.  K>     !■ 


AITH    .UK    MdliiKS 


improvements  in  design  in  the  past  two 
years,  such  as  air-cooling  of  coils,  etc., 
the  electric  portable  motor  is  coming  in 
for  serious  attention  for  practical  shop- 
production  improvement.  An  even  fur- 
ther  reduction    of   some    10  per   cent,    in 


of  the  planer.  The  common  cord  and 
Edison  plug  are  used  to  make  connec- 
tions with  great  convenience.  While 
these  motors  are  quite  light,  there  is  pros- 
pect of  their  being  made  still  more  so 
in   future. 
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PORTABLE  ELECTRIC   MOTOR  CLAMPED  TO  A  PLANER     FRAME,    ENGAGED     IN     GRINDING     LINKS 

FOR   LOCOMOTIVE. 


A    TRANSPORTABLE    ELECTRIC    MOTOR. 
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Although  these  motors  are  too  new 
upon  the  market  to  venture  any  data  as 
to  their  permanent  efficiency  compared 
with  air  tools  of  the  same  capacity,  it 
may  be  said  that  they  will  find  a  very 
ready  use  in  shops  not  at  present 
equipped  with  an  air-compressor,  where 
electric  energ:>-  is  available.  Automobile 
plants,  buying  their  current,  will  especi- 
ally find   their   use   economical. 

Considerations  Governing  Purchaser. — 
Not  always  having  the  advantage  of 
special  knowledge,  or  of  experience,  and 
lacking  time  and  facilities  for  testing 
out  before  purchase,  works  managers 
and  superintendents  may  be  in  doubt  as 
to  the  paying  value  or  comparative  worth 
of  all  the  machines  and  devices  drawn 
to  their  attention  by  enterprising  supply 
companies.  To  such  men  on  the  look-out 
for  improved  methods,  and  indeed  to 
all  intending  purchasers  of  air-tool  equip- 
ment, three  main  considerations  are  pre- 
sented : 

The  tool  should  be  of  general  adapta- 
bility. This  is  most  important,  and 
should  largely  govern  the  selection. 

It  should  be  maintained  and  operated 
at   low   cost. 

Its  first  cost  should  not  be  prohibi- 
tive. 

As  is  usually  the  case,  the  simplest  and 
most  compact  motor,  of  light  weight,  of 
few  parts,  is  at  once  the  most  adaptable, 
easiest  to  maintain  and  cheapest  to  make. 
Fewness  of  parts  calls  for  less  material 
and  less  labor  per  piece.  Assembly  costs 
are  less,  as  cheaper  labor  may  be  em- 
ployed. What  is  here  said  of  manufac- 
turing costs  applies  equally  to  repair  ex- 
pense: with  fewer,  parts  there  is  less 
liability  for  wear,  for  lost  motion,  for 
breakage ;  there  are  fewer  "  extra  "  pieces 
to  carry  in  stock,  and  there  is  increased 
time   service. 

No  one  cares  to  invest  in  a  high-priced 
tool  whose  use  is  limited  to  a  small  class 
of  work.  I  have  seen  contract  shops 
loaded  down  with  useless  and  expensive 
machinery,  much  of  it  standing  idle  the 
greater  part  of  the  time.  In  many  mod- 
ern railroad  shops  the  machine  equip- 
ment is  ill  chosen,  this  being  the  main 
cause  of  the  high  repair  costs  prevalent 
in  the  last  few  years.  If.  however,  one 
can  be  assured  that  the  tool  to  be  pur- 
chased, whether  a  heavy  machine  tool  or 
a  portable  one.  will  be  in  constant  ser- 
vice, the  investment  is  well  worth  while. 


The    Force    of     Percussion    in    Pneumatic 
Hammers   and  Drills. 

nv    C.    CHARLES    M.MSOX. 


The  force  of  a  blow  from  a  hanmier 
in  the  hand,  of  a  drop  press,  a  pile 
driver,  a  hammer,  a  rock  drill,  the  falling 
of  solid  bodies,  the  water  ram  in  pipes, 
and  the  power  of  projectiles,  produce 
effects  deductible  from  the  general  laws 
of  dynamics  applicable  to  such  work.  The 
power  of  the  hand  hammer,  which  has  not 
yet  been  classed  among  the  "  mechanical 
powers."  without  doubt  deserves  the  place 
of  much  honor  as  the  most  ancient  and. 
in  many  respects,  the  most  wonderful 
mechanical  power  known  in  its  way.  We 
daily  see  results  of  its  surpassing  force, 
effected  without  the  complication  of 
levers,  wheels  or  wedges,  and  apparently 
having  some  inanimate  power  superior  to 
and  independent  of  the  principles  of  me- 
chanics as  commonly  studied.  In  order 
to  enable  any  one  to  make  the  complete 
computation  of  the  velocity  of  a  drop 
hammer  in  the  drop  press,  a  cushioned 
air  hammer,  or  the  monkey  pile  driver, 
where  the  velocity  is  due  to  gravity  only, 
the  power  of  impact  at  the  moment  of  giv- 
ing the  blow  may  be  ascertained  from  the 
known  hei.ght  at  which  the  velocity  of 
fall  commences.  The  effect  due  to  cush- 
ioning of  air  and  spring  hammers  will  be 
an  acceleration  of  velocity  due  to  the 
gross  pressure  at  the  starting,  and  will 
be  described. 

The  square  root  of  twice  the  gravity 
(1^64.33)  multiplied  by  the  square  root 
of  the  heigli^(]^height)  in  feet :  i''2^X^, 
or  S  02  X  1 '  ^  =  the  velocity  in  feet  per 
second  at  the  constant  of  impact  of  a 
falling  bodv.  Then  one-half  of  the  velocitv 
X   by  the 

weight  v"^        w 

gravity  2         jsr  ' 

or  more  simply,  the  height  of  the  fall  X 
bv  the  weight,  gives  the  number  of  foot 
pounds  due  to  the  fall,  and  the  distance  at 
which  the  force  of  the  blow  is  arrested 
is  the  measure  of  the  force  of  percussion 
or  impact.  It  is  as  much  more  than  the 
momentum  in  foot  pounds  as  the  distance 
of  arrest  bears  to  a  foot.  Thus,  if  at  half 
a  foot  the  impact  is  twice  the  foot  pounds, 
of  one  inch  it  is  12  times,  at  '4  inch 
it   is  48  times,  and   at    l-.^2  inch   it   is   3S4 
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times.  This  latter  arrest  represents  the 
impact  of  hardened  surfaces,  where  the 
elasticit}'  of  the  metals  largely  represents 
the  small  movement,  at  impact,  and  of 
which  the  rebound  of  a  hammer  from  the 
face  of  a  hardened  anvil  represents  the 
reactive  eflfort  of  the  foot  pounds  due 
to  the  momentum  of  the  fall. 

A  small  hammer  simply  wielded  will 
accomplish  that  which  would  otherwise 
require  a  direct  pressure  of  several  tons. 
Seeking  the  cause  of  its  mystic  power  or 
energ}-  stored  in  weight  and  velocity  will 
account  for  the  varied  effects  we  obtain. 
In  striking  a  blow  with  a  hammer  upon  the 
head  of  a  chisel  there  are  two  forces 
brought  into  action,  viz. :  the  force  of 
striking  and  muscular  force  to  increase 
the  velocity,  so  that  at  the  instant  of 
striking,  the  hammer  may  have  a  velocity 
of  from  20  to  50  feet  per  second.  The 
effect  at  this  moment  is  the  same  as  if 
the  final  velocity  had  existed  throughout 
the  whole  of  the  stroke.  Assuming  32 
feet  per  second  as  the  actual  velocity  at 
the  moment  of  impact,  then  the  force 
will  be  the  same  as  if  the  hammer  had 
fallen  from  a  height  of  the  square  of  the 
velocity    divided    by    twice    the     gravity 


(t.) 


32- 
64-33 


=  16  feet. 


With  a  hammer  weighing  two  pounds. 
then,  the  accumulated  work  or  energy  will 
be  16  X  2  =  32  foot  pounds. 

Supposing  that  the  face  of  the  ham- 
mer moves  one-eighth  of  an  inch  after 
touching  the  head  of  the  chisel  before  the 
energy  is  all  absorbed,  then  the  result 
will  approximately  be  the  same  as  a  direct 

pressure  or  dead  load  of  32  X  —  =  3,072 

pounds  or  upward  of  i^  net  tons;  but 
this  is  only  partially  true,  however.  The 
hammer  may  be  a  self-adjusting,  mechani- 
cal power;  for  if  the  material  be  harder, 
so  as  to  give  more  resistance  to  the  chisel, 
the  cut  will  not  be  so  great,  and  therefore 
the  force  of  percussion  will  be  greater. 
For  instance,  if  the  movement  of  the 
chisel,  as  above  stated,  had  been  only  one- 
sixteenth  of  an  inch,  the  force  would  have 
been  doubled,  or  equal  to  a  pressure  of 
3  tons  instead  oi  V/o  tons.  But  there  is 
a  limit  to  the  effect,  otherwise  the  blow 
would  be  measured  by  thousands  of  tons, 
until  the  rigidity  of  the  mass  receiving 
the  blow  was  balanced  by  the  elasticity 
of   the    materia!    giving   or    receiving   the 


lilow.  This  is  beautifully  illustrated  when 
striking  the  hardened  face  of  an  anvil 
with  a  hammer,  where  nearly  the  whole 
force  of  the  blow  is  returned  in  the  re- 
bound of  the  hammer. 


Compressed   Air    at    the   Mohawk    Copper 
Mine,  Calumet,  Mich. 


Copper  mining  in  the  Michigan  dis- 
trict is  expensive.  The  great  depths  re- 
quired, and  the  low  values  of  the  ores 
entailing  the  handling  of  great  quantities 
of  rock,  make  mining  costs  high  and 
compel  close  economies  to  place  the  mines 
on  a  pajang  basis.  This  necessity  for  low 
operating  charges  has  led  to  the  adoption 
of  high-grade  machinery  equipments  on 
the  i\Iichigan  copper  mines.  Conspicu- 
ous among  all  these  equipments  are  the 
air  compressors,  so  essential  to  successful 
operation.  These  latter  machines  are  in 
the  great  majority  of  cases  of  large  size 
and  the  very  highest  grade,  and  the 
machinery  plants  of  mines  in  this  dis- 
trict, as  a  rule,  represent  the  highest  type 
of  mine  power  plants.  Corliss  compres- 
sors predominate,  owing  to  their  superior 
steam    and    fuel    economj-. 

The  IMohawk  mine,  located  in  the 
neighborhood  of  Calumet.  Michigan,  while 
one  of  the  newer  properties,  is  one  of  the 
most  promising  mines  in  that  district,  and 
was  credited  in  1904  with  a  production  of 
8.500.000  pounds  of  refined  copper.  One 
of  the  largest  Corliss  compressors  in  the 
copper  district  is  found  on  this  mine  and 
was  built  and  installed  b}'  the  Ingersoll- 
Sergeant  Drill  Company  of  New  York. 
The  machine  is  a  cross-compound  steam, 
two-stage  air  compressor  having  a  rated 
capacity  of  5,260  cubic  feet  of  free  air 
per  minute  at  normal  speed  of  70  revolu- 
tions per  minute.  The  steam  cylinders  are 
22  inches  and  46  inches  in  diameter,  and 
are  of  the  latest  pattern,  with  standard 
Corliss  release  gear  and  a  steam  receiver 
located  in  the  foundation  beneath.  Steam' 
pressure  is  125  pounds.  The  gauge  on 
steam  receiver  indicates  a  pressure  of 
about  6^  pounds  and  the  engine  runs  un- 
der a  vacuum  of  25  inches.  The  ex- 
haust is  handled  by  a  jet  condenser  lo- 
cated with  its  auxiliaries  in  the  base- 
ment below  the  engine  room.  Pressure 
is  maintained  constant  by  means  of 
a  combined  speed  and  pressure  regulator 
which  varies  the  speed  and  displacement 
by    changing   the    cut-off   on    both    steam 
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cylinders.  Air  cylinders  are  42^  and 
2714  inches  in  diameter,  with  a  stroke 
of  48  inches.  They  are  completely  water 
jacketed  on  heads  and  barrels.  The  Ser- 
geant piston  inlet  valve  is  used  on  both 
high  and  low  pressure  cylinders  and  the 
low  pressure  intake  is  connected  with  a 
sheet  steel  intake  connection  drawing  cold 
clean  air  through  a  conduit  rising  above 
the  roof  of  the  power  house.  The  dis- 
charge valves  are  of  positive  direct-lift 
pattern,  giving  maximum  discharge  area 
with  a  minimum  of  cylinder  clear- 
ance. A  large  horizontal  intercooler 
below  the  engine-room  floor  cools  the  low 
pressure  air  discharge  to  water  tempera- 
ture by  contact  with  surfaces  cooled  by 
water  circulating  through  tinned  brass 
tubes. 

An  independent  direct-acting  circulat- 
ing pump  in  the  basement  handles  the 
cooling  water  for  cylinder  jackets  and 
inter-cooler.  Steam  pipes  for  the  com- 
pressor and  auxiliaries  enter  the  base- 
ment of  the  power  house  through  a  tunnel 
leading  to  the  boilers  in  a  separate  build- 
ing. The  power  house  is  a  stone  building 
with  a  steel-framed  roof.  It  is  well 
lighted  by  windows  on  every  side  and  is 
spanned  by  a  traveling  crane  suspended 
from  the  '  roof  trusses.  The  walls  are 
neatly  finished  and  the  floor  laid  in 
matched  lumber,  giving  one  of  the  most 
pleasant  engine  rooms  in  the  copper  dis- 
trict. The  compressor  is  set  on  a  solid 
concrete  foundation. 

The  air  pressure  carried  is  75  pounds, 
and  air  is  led  from  the  power  house  to 
the  several  shafts  on  the  property.  This 
compressor  carries  the  major  part  of  the 
load  on  the  Mohawk  property.  There  are. 
besides  this  large  machine,  two  other 
IngersoU-Sergeant  Corliss  compressor?  of 
an  earlier  pattern,  located  in  another 
power  house  about  a  half  mile  distant. 
These  latter  machines  have  a  combined 
capacity  of  about  3,000  cubic  feet  of  free 
air  per  minute  and  are  giving  splendid 
service  after  years  of  operation,  not  only 
on  the  Mohawk,  but  on  other  work  from 
which  they  were  brought  to  the  copper 
country.  As  is  to  be  expected,  the  greater 
part  of  the  air  volume  furnished  by  these 
compressors  goes  to  rock  drills  in  the 
mine,  all  of  which  are  of  Ingersoll-Ser- 
geant  and  Rand  manufacture.  The  illus- 
tration (No.  1585)  shows  the  interior  of 
the  main  power  house  and  the  air  end  of 
the   large  compressor. 


Caisson  Disease* 


A    difficulty    to    be    contended    with    in 
foundations   at  great   depth  is  the   illness 
to  which   men   working   at  high   pressure 
are  liable.    This  illness,  in  its  milder  mani- 
festations, takes  the  form  of  swellings  and 
tenderness,   usually  in  the  joints,  and  ac- 
companied by  severe  pain.     In  fact,  this 
last   is    such   a   very  marked   sympton   of 
the  malady  that  one  of  the  names  given 
it  by  the  men,  and  which  was  always  used 
at  Newcastle,  is  the  "  pains."     The  longer 
the  time   under   pressure   and   the   higher 
the    pressure    the    more    severe    are    the 
symptoms.      Foremen,    lock-tenders,    and 
others,   who   are    usually   under   pressure 
for    a    short   period   at   a  time,   rarely   or 
never  suffer  except  when  the  victims  of  a 
bad  cold.     In  the  more  severe  forms  there 
is    paralysis,    and    sometimes    the    results 
are  fatal.     An  explanation  of  this  disease, 
as  a  result  of  his  researches  and  experi- 
mental work,  was  given  on  the  continent 
by  Paul  Bert  as  far  back  as  1878,  and  more 
recently  by  Drs.  Heller,    ■Nlager  and  Von 
Schrot'ter.  and  in  our  own  country  by  Drs. 
Leonard  Hill  and  ^^lacleod.     The  explan- 
ation   is    this — quoting   more    particularly 
from   Drs.    Hill   and   ^lacleod — the   blood 
gases  increase,  according  to  Dalton's  law. 
under  solution.     On  rapid  de-compression 
gas   bubbles    escape,    arresting   circulation 
and  causing  pressure  on  nerves  and  tissue. 
The  varying  gravity  of  the   symptoms   is 
due  to  the  varying  seat  of  the  air  bubbles. 
Drs.  Hill  and  Macleod  have  found  that  in 
animals  caisson  illness  can  be  entirely  pre- 
vented by  slow  de-compression,  and  that 
cases   of"  illness    of   the   greatest    severity 
following   on    rapid   de-compression   from 
very  high  pressures  can  be  cured   by  re- 
compression if  applied  soon  enough.    The 
explanation  of  this  last  is  that  on  re-com- 
pression   the    bubbles    go    into    solution. 
They  therefore  advocate  slow  de-compres- 
sion, and  recommend,  as  a  result  of  their 
experiments,  that,  after  a  four-hour  shift, 
in  -\-  30  pounds,  the  period  of  de-compres- 
sion  should   be   30  minutes   to   one   hour. 
As  the  only  cure  they  advocate  immediate 
re-compression. 

The  beneficial  effect  of  re-compression 
has  long  been  known.  At  the  Forth 
Bridge  men  suffering  from  "  bends  ''  were 
in  the  habit  of  spending  their  Saturday 
afternoons  and  Sundays  in  the  working 
chamber ;  and  at  a  tunnel  under  the  Hud- 
son  River  a  medical  lock,   in  which  the 
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men  might  be  re-compressed,  was  intro- 
duced by  Mr.  jNIoir,  and  was  also  used 
by  him  at  the  Blackwall  Tunnel  and  by 
Mr.  Davis  at  Newcastle.  Dr.  Snell.  who 
was  the  medical  officer  appointed  by  the 
London  County  Council  to  look  after  the 
health  of  the  men  at  the  Blackwall  Tun- 
nel, in  his  book,  "  Compressed  Air  Illness," 
while  accepting  the  gas  theory  of  Drs. 
Hill  and  Macleod,  is  of  opinion  that  it  is 
in  efficient  ventilation  that  a  remedy  will 
be  found.  It  was  observed  by  him  that 
an  increase  in  the  percentage  of  CO2  was 
innnediatelv  followed  by  an  increase  in  the 
number  of  cases  of  illness.  In  the  discus- 
sion which  followed  the  reading  of  a  paper 
on  the  Blackwall  Tunnel  at  the  Institu- 
tion of  Civil  Engineers,  Mr.  ^loir  stated 
that  this  had  been  his  experience  in  tun- 
nel work  in  America  as  well  as  at  the 
Blackwall  Tunnel.  Dr.  Snell  is  of  opinion 
that  slow  de-compression,  to  be  of  use, 
must  be  longer  than  is  practicable,  and, 
therefore,  recommends  that  de-compres- 
sion should  be  only  moderately  slow,  and 
that  the  percentage  of  CO2  should  be  kept 
as  low  as  possible.  He  is  of  opinion  that 
ventilation  at  the  rate  of  12,000  cubic  feet 
per  man  per  minute  is  the  ideal  to  aim  at. 
The  rule  for  the  rate  of  de-compression 
at  the  Blackwall  Tunnel  was  one  minute 
for  every  5  pounds  above  normal.  The 
same  rule  was  observed  at  Newcastle.  As 
regards  re-compression  in  the  medical 
lock  it  must  be  remembered  that  this,  to 
be  most  beneficial,  must  be  immediate,  and 
that  subsequent  de-compression  must  be 
extremely  slow,  say,  thirty  minutes  to  one 
hour  from  -{-  30  pounds,  as  recommended 
by  Drs.  Hill  and  Macleod.  Drs.  Heller. 
Mager  and  Von  Schrotter  emphasize  the 
importance  of  the  rate  of  de-compression 
being  constant,  and  Drs.  Hill  and  Macleod 
describe,  in  the  account  of  one  of  their 
experiments,  the  fatal  result  of  hastening 
de-compression  for  the  last  few  pounds. 
An  interesting  paper  has  recently  been 
published  in  the  April  number  of  the 
Northumberland  and  Durham  Medical 
Journal,  by  Dr.  Alfred  Parker,  dealing 
with  the  cases  of  illness  at  Newcastle. 
The  subject  has  also  been  dealt  with 
by  Dr.  Oliver,  at  the  Medical  Congress, 
at  Oxford,  in  1904,  and  by  others. — G.  W. 
M.  Boycott,  in  The  Engineer   (Eng.). 


Notes. 


Air  compressed  by  falling  water  will 
develop  4,500  horse-power  to  operate  all 
branches  of  the  Victoria  Mine  at  Rock- 
land, Ontonagon  County,  Michigan,  when 
the  new  compressor  is  completed  in  a 
few  days. — Mining  Reporter. 

Thet  Worcester  (Mass.)  Compressed 
Air  Housecleaning  Company  has  been  or- 
ganized with  the  following  officers :  Presi- 
dent, Dr.  George  E.  Francis;  vice-presi- 
dent, E.  G.  Connette;  treasurer,  J.  W. 
Lester;  directors,  J.  W.  Lester,  John  E. 
Bradley,  Francis  E.  Dewey  and  Edward 
G.  Connette. 


Compressed  air  employed  as  motive  power 
in  collieries  at  a  distance  from  the  shaft 
bottom  is  theoretically  less  efficient  than 
electric  transmission,  on  account  of  the 
thermo-dynamic  loss  of  available  energy. 
There  is  often  a  large  leakage  of  air  in 
long  pipes.  One  of  the  chief  advantages 
arising  from  the  employment  of  com- 
pressed-air plants  in  coal  mines  is  security 
from  dangerous  accidents. — Engineering  ■ 
&  Mining  Journal. 

A  JOINT  meeting  of  the  American  Insti- 
tute of  Mining  l-'r.ginecrs  and  of  the  Eng- 
lish Iron  and  Steel  Institute  will  be  held 
in  London,  England,  on  July  23-29.  The 
Lord  ]\Iayor  of  London  has  consented  to 
act  as  chairman  of  the  London  reception 
committee  and  will  give  a  conversazione 
in  the  Mansion  House  on  the  evening  of 
July  24.  A  program  of  the  visits  and  ex- 
cursions to  be  made  during  the  meeting 
will  be  issued  when  the  arrangements  are 
sufficiently   matured. 

An  interesting  test  of  the  elevator  air- 
cushions  installed  in  the  new  Hall  of 
Records,  New  York,  by  the  Standard 
Safety  Air-Cushion  Co.,  recently  took 
place  in  that  building.  A  car  weighing 
3,500  pounds  and  containing  two  dozen 
eggs  placed  on  the  floor  of  the  car  was 
dropped  from  the  eighth  story,  and  after 
falling  125  feet  with  lightning  .speed,  halted 
safely  with  only  a  few  of  the  eggs  cracked 
and  none  of  them  displaced  enough  to 
mar  the  pattern  on  the  floor. 


Thk  treatment  of  minor  open  spaces  in 
village  and  cit\-,  one  of  the  most  interest- 
ing problems  of  civic  art   t<j-day,  will   hi" 
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the  subject  of  an  article  by  Sylvester 
Baxter  in  the  April  Century.  Among  the 
illustrations,  by  Jules  Guerin,  of  Mr. 
Baxter's  text,  will  be  pictures  of  Grand 
Circle,  with  the  Columbus  Monument,  and 
Coenties  Slip.  New  York,  the  first  show- 
ing the  eflfectiveness  of  formal  treatment 
of  an  open  space  at  the  conjunction  of  im- 
portant streets;  the  second  the  possibili- 
ties of  securing  a  restful  effect  of  roomi- 
ness in  a  limited  area. 


The  chief  cause  of  knocking  out  a 
machine  and  of  breaking,  bending  and 
blunting  drills  is  carelessness  and  the  lack 
of  supervision  w-hile  starting  holes.  It  is 
also  contended  that  in  actual  practice 
nearlv  40  per  cent,  more  work  can  be  done 
in  a  given  time  with  the  air  pressure  in 
underground  machine  boring  in  ground 
of  the  average  hardness  found  in  the 
Transvaal  at  80  pounds  instead  of  at  60 
pounds.  In  West  Australia  100  pounds 
pressure  has  been  kept  on  the  receiver 
when  working  in  hard  quartz.  A  mis- 
taken desire  for  economy  may  induce  the 
miners  or  the  pipe  repairer  to  use  worn- 
out  piping  and  hose  for  connection,  which 
of  course  leads  to  frequent  stoppage  and 
to  a  more  or  less  constant  loss  of  air  by 
leakage. — The  Miiiiiig  JVorld. 


The  general  use  of  compressed  air  in 
railroad  boiler  shops,  it  is  stated,  which 
had  largely  aided  in  advancing  boiler- 
shop  practice  to  the  front  rank  in  the 
railway  mechanical  departments,  is  being 
extended  in  some  shops  to  include  the 
cleaning  of  crown  bars  and  crown  sheets 
w^ith  a  sand  blast.  It  is  claimed  to  do 
much  more  satisfactor\'  work  than  the  old 
way  with  the  hammer  and  chisel.  In  a 
shop  where  the  sand  blast  is  now  being 
used,  it  formerly  took  a  17^-cent  man  ten 
hours  to  clean  a  dozen  bars — $1.75  ^or  the 
lot.  With  a  sand  blast  a  bar  is  cleaned 
in  20  to  30  minutes,  or  in  about  half  the 
time  it  took  in  the  old  way,  and  the  blast 
makes  a  cleaner  job.  This  same  shop  is 
said  to  use  the  blast  for  crown-sheet 
cleaning  with  satisfactory  results.^5o//t';' 
Maker. 


The  publication  of  a  description  of  a 
unique  engine  which  has  just  been  built 
for  the  South  Norwalk  Municipal  Electric 
Company  has  been  the  basis  of  mucli 
discussion  in  mechanical  circles  through- 
out the  State.     This  new  engine  involves 


a  new  use  of  a  very  old  and  well  known 
principle  of  physic§,  viz.,  that  mechanical 
energy-  may  be  transformed  into  thermic, 
or  heat,  energv-  by  compression  of  the 
atmosphere.  Anyone  who  has  ever  used 
a  hand-power  air-pump  is  acquainted  with 
the  fact  that  its  barrel  quickly  becomes 
hot.  It  is  often  said  that  this  is  pro- 
duced by  the  friction  of  the  pump ;  but 
friction  has  very  little  to  do  with  it.  The 
heat  is  produced  by  the  compression  of 
the  air  within  the  tube. 

The  new  engine  is  equipped  with  an 
air  compressor  which  compresses  the  air 
into  a  tank  at  a  pressure  of  75  atmos- 
pheres, or  7'  times  the  pressure  of  the  at- 
mosphere under  normal  conditions — -about 
14.72  pounds  to  the  square  inch.  This  is 
used  to  give  the  first  stroke  of  the  engine. 
On  the  return  stroke  of  the  engine  the 
compressor  is  given  back  practically  all 
the  air  lost  in  the  first  stroke.  This  re- 
turn compresses  the  air  sufficiently  to 
drive  from  it  enough  heat  to  raise  the 
temperature  of  the  cylinder  to  a  tempera- 
ture of  nearly  700  degrees,  Fahrenheit. 
The  third  stroke  is  produced  by  the  ex- 
plosion of  crude  oil  injected  into  the  hot 
cylinder. 

The  chief  interest  in  the  new  engine 
from  a  scientific  point  of  view  is  the 
method  of  converting  mechanical,  or 
dynamical,  energ}-  into  heat  energy'.  Theo- 
retically, by  the  use  of  this  method  of  air 
compression  practicallv  all  attendant 
losses  are  avoided,  and,  therefore,  the 
method  promises  to  come  into  general  use 
on  account  of  its  economy.  And  it  will 
be  interesting  to  those  mechanical  geniuses 
of  Connecticut  to  watch  the  result  of  this 
new  experiment. — Ex. 


The  average  depth  of  a  tube  well  in 
London  is  400  to  500  feet,  and  the  yield 
obtained  varies  from  1,000  to  35-000 
gallons  per  hour  from  single-bore  holes. 
Two  artesian  w^ells  have  recently  been 
sunk  at  the  Prince  of  Wales's  Road  Baths, 
Kentish  Town,  for  the  St.  Pancras 
Borough  Council,  which  give  a  supply  of 
30,000  gallons  per  hour.  On  account  of  the 
first  of  these  wells  having  been  reported 
as  yielding  no  supply,  it  was  on  the  eve 
of  being  abandoned  when  Messrs.  C.  Isler 
&  Co.  were  consulted,  and  proved  a  sup- 
ply of  over  15,000  gallons  per  hour  by 
means  of  their  system  of  pumping  by  com- 
pressed air.  These  satisfactory  results  in- 
duced the  council  to  put  down  an  addi- 
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tional  well,  which  is  carried  to  a  depth  of 
480  feet,  and  to  permanently  install  air-lift 
pumping  machinery.  There  are,  of  course, 
many  wells  in  "inner"  London,  but  this  is 
one  of  the  most  favorable  sites,  there  be- 
ing no  others  to  our  knowledge  capable 
of  yielding  this  amount  of  water.  The 
water  is  drawn  through  the  chalk,  and, 
being  of  the  greatest  purity,  is  suitable 
for  any  purpose,  domestic  or  manufac- 
turing. The  same  firm  has  carried  out 
many  interesting  works  of  the  kind  in 
London,  and  one  at  the  Metropolitan 
Electric  Supply  Company's  station  at 
Acton  Lane,  Willesden  Junction,  is 
specially  worthy  of  mention.  An  artesian 
well  was  sunk  to  a  depth  of  1,000  feet, 
chalk  being  reached  at  340  feet  from  the 
surface.  No  supply  of  water,  however, 
could  be  obtained.  It  was  then  resolved 
that  part  of  the  bore  pipes  which  lined 
through  the  Woolwich  and  Reading  beds 
(sand  beds)  should  be  destroyed,  and 
this  was  accomplished  by  blasting  with 
specially  made  gelatine  cartridges  at  a 
depth  of  365  feet.  A  compressed  air  lift 
plant  was  then  put  into  action,  and,  by 
employing  other  special  means  and  appli- 
ances, a  supply  of  10.600  gallons  per  hour 
was  obtained. — London  Telegraph. 


It's  still  cool  in  the  subway  for  the  same 
reason  that  it's  cool  in  the  streets.  Dur- 
ing the  stinging  cold  days  of  w'inter  the 
comparative  warmth  of  the  bore  was 
a  blessed  comfort  to  the  chilly  New 
Yorker.  Little  thought  then  was  taken 
of  whether  or  not  the  air  was  vitiated.  It 
was  warm,  that  was  enough.  But  the  ap- 
proach of  warmer  weather  has  brought  to 
the  fore  again  the  problem  of  ventilation. 

Practically  nothing  has  been  done  to  in- 
sure purer  air  in  the  subway.  The  pocket- 
size  electric  fans  that  were  installed  on 
tiny  ledges  at  the  express  stations  last 
summer  lived  their  butterfly  life  and  were 
either  removed  or  left  to  rust  into  innocu- 
ous desuetude.  The  two  or  three  large 
fly-wheel  sort  of  fan-pumps  are  covered 
with  dust  and  look  as  lonesome,  useless 
and  out  of  date  as  a  French  Panama 
dredge. 

These  are  sights  to  set  the  average  New 
Yorker  thinking.  Surpri.se  has  been  ex- 
pressed that  the  summer  will  in  all  prob- 
ability be  allowed  to  come  without  any 
preparation  for  the  ventilation  of  the 
underground  railroad. 


1  o  begin  to  install  some  system  under 
the  stress  of  an  aroused  and  sweating  pub- 
lic opinion  would  be  not  only  farcical,  but 
totally  ineffectual,"  said  a  well-known  en- 
gineer to-day.  "  It  seems  simply  remark- 
able that  New  Yorkers  never  think  of 
their  necessities  until  they're  in  trouble. 
All  winter  they  will  calmly  ride  up  and 
down  that  evil-smelling  tunnel  without  a 
thought  of  any  future  discomfort  other 
than  a  possible  inhalation  of  steel  parti- 
cles. But  as  soon  as  it  gets  hot  and  the 
bore  is  pretty  nearly  converted  into  a  huge 
main  for  perspiration,  they  get  on  their 
hind  legs  and  kick  so  almighty  hard  that 
the  company  makes  some  sort  of  display 
of  interest,  and  puts  in  a  teeny-tiny  elec- 
tric fan  or  two.  And  I  don't'  blame  the 
company  very  much,  either.  I  give  it 
credit  for  knowing  human  nature." 

The  subject  of  subway  ventilation  is 
a  large  one  and  a  puzzler  to  engineers. 
Any  number  of  schemes  have  been  sug- 
gested, ranging  from  the  electric  fan  to 
flushing  the  tunnel  bore  with  compressed 
air,  much  as  a  pipe  is  flushed  with  water. 
A  big  difficulty  to  be  overcome  is  getting 
the  necessary  pure  air  into  the  passage 
with  as  little  machinery  as  possible  and 
without  erecting  obstructions  in  the  street 
above.  Recently  a  plan  has  been  talked 
of  that  is  extremely  interesting  to  trans- 
portation men  and  may  go  far  toward 
solving  the   subway   problem. 

It  is  nothing  less  than  supplying  the  sub- 
way with  highly  compressed  air,  to  be 
gathered  into  a  reservoir  at  a  central  point 
and  distributed  through  pipes  to  different 
parts  of  the  bore,  as  gas  is  now  distributed 
to  given  points  in  a  given  locality. 

Compressed  air  has  only  within  the 
past  few  months  been  made  into  a  com- 
mercial commoditj'.  It  is  now  being  sold 
to  consumers  for  so  much  a  cubic  foot,  in 
exactly  the  same  way  as  gas  is  sold. 
Cicorge  Westinghouse.  head  of  the  West- 
inghouse  Company,  early  in  the  year  made 
this  possible  by  putting  on  the  market  an 
"  air  meter,"  which  measures  air — to  use 
the  same  analogy — exactly  as  gas  is 
measured.  The  capacity  f)f  a  meter  is 
50.000  cubic  feet  an  hour.  What  new  fields 
of  enterprise  this  invention  opens  up  no 
one  can  as  yet  foretell.  But  it  is  expected 
that  compressed  air  factories — if  that  term 
may  be  used — will  shortiv  be  established 
in  this  and  other  large  cities  for  the  ped- 
dling out  of  air.  It  may  be  that  the  day 
of      the      compressed-air      carpet-cleaning 
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wagon  at  the  curb  is  pretty  nearly  over. 
The  uses  of  compressed  air  are  many,  so 
that  promoters  liave  a  large  field  to  work 
in. 

So  far  the  extent  of  distribution  has 
been  no  greater  than  a  radius  of  ten  miles. 
In  Belleville,  Utah,  near  Salt  Lake  City, 
there  is  a  central  compressing  plant  that 
supplies  air  in  pipes  to  the  Pittsburg  Min- 
ing Company,  the  Fortuna  IMining  Com- 
pany, the  Ohio  Copper  Company,  the 
United  States  Mining  Company,  and  the 
Honerine  Tunnel  &  Milling  Company, 
the  last  of  which  owns  and  sells  the  con- 
densed atmosphere  to  the  other  four  con- 
cerns. The  air  is  used  principally  for 
supplying  the  miners.  Without  it  the 
mines  would  be  almost  useless. 

It  is  believed  that  with  the  extension  of 
the  system  many  mines  that  have  been 
abandoned  because  of  great  depth  will  be 
workable  again.  So  it  is  that  a  sort  of 
mining  renascence  is  being  looked  forward 
to  in  certain  districts  of  the  West. 

The  invention  of  the  meter  was  what 
made  this  system  of  central  supply  of  air 
feasible  and  a  good  business  proposition. 
Every  customer — and  there  may  be  any 
number  of  customers — may  pay  only  for 
the  air  he  uses.  He  and  his  fellow  con- 
sumers would  not  be  under  the  necessity 
of  constructing  and  maintaining  their  own 
individual  compressing  plant,  usually  an 
item  of  much  expense. 

Should  the  subway  adopt  some  such 
method  of  air  distribution  as  has  been 
mentioned,  it  would  be  possible  to  cool 
th.o  air  as  needed,  so  that  some  time  in 
the  future  passengers  may  get  to  look 
upon  the  subway  as  something  to  be  en- 
joyed, rather  than  a  means  of  quick  trans- 
portation under  trying  conditions. — Nezu 
York  Evening  Sun. 

For  the  conveyance  of  water,  gas,  steam 
or  compressed  air  pipes  are  made  of 
various  materials.  In  all  cases  they  are 
subjected  to  internal  pressure,  but  some- 
times the  external  pressure  is  of  more 
importance  in  determining  the  thickness 
of  metal,  for  instance  in  the  case  of  water 
mains  and  gas  pipes  laid  below  the  sur- 
face of  the  streets.  These  may  be  sub- 
ject to  the  pressure  produced  by  the 
traffic,  or  they  may  be  liable  to  bending 
strains  due  to  the  settlement  of  the  sup- 
porting earth  in  some  places.  For  de- 
termining the  thickness  of  metal  for  a 
boiler   or   large   pipe    subject   to    internal 


pressure  we  employ  the  following  rule : 
The  greatest  safe  pressure  per  scuare 
inch,  multiplied  by  the  diameter  in  inches, 
is  equal  to  twice  the  thickness  of  metal 
multiplied  by  the  safe  working  tensile 
stress  of  the  material  per  square  inch. 
Or,  pressure-j-Diameter^2  ThicknessX 
Safe    Stress. 

This  rule  makes  no  allowance  for  the 
external  and  transverse  stress  men- 
tioned above,  nor  is  anj^  allowance  made 
for  the  difficulties  of  casting  a  pipe  of 
very  thin  material,  nor  for  the  prosity 
of  the  cast  metal.  Thus  it  is  necessary  in 
practice  to  make  these  pipes  considerably 
thicker  than  those  given  by  the  above  rule, 
in  order  to  be  secure  from  breakage,  or 
failure,  from  all  causes.  The  following 
numerical  example  will  serve  to  make 
this  matter  more  clear. 

Example. — It  is  required  to  find  the 
thickness  of  cast-iron  pipes  one  foot  in 
diameter,  for  water  main  to  resist  the 
pressure  due  to  a  head  of  water  of  250 
feet. 

Note. — We  may  assume  the  strength 
of  cast  iron  suitable  for  this  purpose 
to  be  eight  tons  per  square  inch,  and 
that  a  head  of  water  equal  to  2,304  feet 
produces  a  pressure  of  one  pound  per 
square   inch. 

Now  applying  the  above  rule,  and  tak- 
ing the  safe  stress  at  one-fourth  the 
breaking  stress, 

Pressure  -\-  Diameter  =  2  Thickness  X 
Safe  Stress 

Pressure  X  Diameter 

Thickness = 

2  X  Safe  Stress 

250 

X  12" 

2.304 

Thickness= 


2  X  8  X  2240 
4 
250  X  12 
Thickness= 


2  X2X2240X  2.304 
25 

Thickness= =-i45  '"'^h 

224  X.  768 

From  the  above  rule  the  thickness  only 
requires  to  be  a  little  more  than  one- 
eighth  inch,  but  it  should  be  made  half  an 
inch,  or  not  less  than  three-eighths  of  an 
inch  in  order  to  guard  against  the  risks 
enumerated  above.  By  using  the  above 
rule   and   taking  the    safe    stress   at   one- 
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tenth  or  one-twelfth  the  breaking  strength, 
good  results  will  be  obtained. 

ICxample. — bind  the  thickness  of  cast- 
iron  pipes  four  inches  in  diameter,  suitable 
for  resisting  a  water  pressure  of  700 
pounds  per  square  inch. 

Pressure  X  Diameter 

Thickness  = 


Thickness=- 


2  X  Safe  Stress 
700  X  4 


•2  X  8  X  2240 


700X4X10     175 

Thickiiess= = 

2  X  8  X  2240  224 
Thickness=.78  inch=25-32  of  an  inch. 
When  the  pipes  are  made  of  wrought 
iron,  steel  or  copper,  etc.,  they  are  not 
made  so  thick  as  cast-iron  ones ;  chiefly 
because  they  are  not  subjected  to  the  be- 
fore-mentioned external  stresses.  The 
material  is  of  better  quality  and  is  not  so 
liable  to  irregularities  of  thickness,  etc., 
during  the  process  of  making. — American 
Cotton  Manufacturer. 


FOR  SALE. 

At  less  tlian  cost,  the  following 
imported  Mannesmann  tubes,  de- 
signed for  storage  of  compressed 
air  : 

12  tubes  20  ft.  in  length 

78  tubes  15  ft.  4I2   in.  in  lengfth. 

AH  designed  for  a  w-orking  pressure 
of  2000  pounds  per  square  inch  and 
tested  to  4800  pounds  per  square 
inch.  .\11  tubes  are  new  and  have 
never  been  in  service. 

Address  : 

H.    K.    PORTER   CO., 

541  Wood  St..  Pittsburg,  Pa. 


I  N  D  e:  X. 
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Specially  prepared  for  Compressed  Aik. 

811,687.  AUTOM.\TIC  EMERGENCY  AIR- 
BRAKE-OPER.\TIXG  DEVICE  FOR  RAIL- 
WAYS. John  P.  Birmingham,  Lexington, 
Va.,  assignor  to  Robert  Catlett  and  Robert 
Athelstan  Marr,  Lexington,  Va.:  ^^■illiam 
George  Mathews,  Cliftonfosge,  \'a.,  and 
Tames  Easley  Edmunds,  Don  Peters  Ilalsey, 
and  James  William  Gerow,  Lynchburg,  Va. 
Filed  Tulv  31,  1905.     Serial  No.  272,025. 


811,690.  PNEUMATIC  LIFTING  MEANS 
FOR  GRAIN-DOORS.  Tilghman  E.  Bran- 
son, Belleplaine,  Kans.,  assignor  of  one-third 
to  Harry  Hatfield  and  one-third  to  W.  S. 
Foster,  Belleplaine.  Kans.  Filed  Mar.  23, 
1905.     Serial  No.  2,51,668. 

811,732.  ARMOR  FOR  PNEUMATIC  TIRES. 
.Manson  A.  Moore,  Detroit,  Mich.,  assignor 
of  one-half  to  Frank  H.  Besscngcr,  Detroit, 
Mich.  Filed  Feb.  21.  1905.  Serial  No. 
246,767. 
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811,685.     ROCK    DRILL.      Thomas    E.    Adams,        811,791.     MEANS   FOR  OPERATING  DRILLS. 
Cleveland,   Ohio.     Filed   May  27,  1905.      Serial  Olin    S.    Proctor,    Denver,    Colo.      Filed    Apr. 

No.    262,619.  29,  1905.     Serial  No.  258,101. 


In  a  device  of  the  character  described,  the 
combination  with  means  for  inducing  an  air- 
current,  of  valve  mechanism  for  controlling 
the  direction  of  said  air-current  to  control  the 
direction  of  feed  of  lubricant  in  the  device. 

811,723.  PNEUMATIC  SULKY.  Samuel  E. 
Jerald,  Waterloo,  Iowa.  Filed  Apr.  26, 
1905.     Serial  No.  257,427. 

811,736.  PNEUMATIC  STRAW  -  STACKER. 
Joseph  W.  Nethery,  Indianapolis,  Ind.,  as- 
signor to  The  Indiana  ^Manufacturing  Com- 
pany, Indianapolis,  Ind.,  a  Corporation  of 
West  Virginia.  Filed  June  26,  1905.  Serial 
No.   267,025. 


811,763.  AIR-BRAKE  SYSTEM  AND  AUTO- 
MATIC VALVE.  Fred  B.  Corey,  Schenec- 
tady, N.  Y.,  assignor  to  General  Electric 
Company,  a  Corporation  of  New  York.  Filed 
Sept.   16,   1904.      Serial   No.   224,651. 


A  rock-drill  of  the  class  described,  including 
a  cylinder,  a  piston,  and  means  for  introducing 
motive  fluid  to  the  cylinder,  of  a  by-pass  lead- 
ing from  the  drill-cylinder  to  a  point  forward 
of  the  piston  for  delivering  fluid  to  the  drill- 
hole, and  a  check-valve  located  in  said  by-pass 
and  adapted  to  allow  fluid  to  pass  therethrough 
to  the  drill-hole  but  arranged  to  prevent  the  re- 
turn  of   the   rock   cuttings   into   the  cylinder. 

812,151.  FLUID-OPERATED  ENGINE.  Bruno 
V.  Nordberg,  Milwaukee,  Wis.  Original  ap- 
plication filed  Sept.  18,  1903.  Serial  No. 
173,691.  Divided  and  this  application  filed 
Nov.    29,   1904.      Serial   No.    234,757. 

In  an  engine  adapted  to  deliver  a  blow,  the 
combination  of  two  cylinders;  a  piston  working 
in  each  of  said  cylinders;  a  piston-rod  common 
to  said  pistons;  means  for  admitting  steam  sim- 
ultaneously and  at  the  same  pressure  to  the 
upper  face  of  each  of  said  pistons;  and  means 
for  admitting  steam  to  the  under  face  of  one 
of  said  pistons  while  steam  is  exhausted  from 
the   opposite   face  of   each   of  said   pistons. 

812,162.  PNEUMATIC  TUBE  FOR  STORE 
SERVICE.  Thomas  Beniis,  Indianapolis,  Ind. 
Filed  Dec.  18,  1905.     Serial  No.  292,330. 


811,863.  AIR-BRAKE.  Ernest  H.  Miller  and 
Charles  V.  Rote,  Lancaster,  Pa.,  assignors  of 
one-third  to  John  W.  Holman,  Lancaster,  Pa. 
Filed  July  21,  1904.     Serial  No.  217,476. 

811,915.  PNEUMATIC-TUBE  CASH-CAR- 
RIER. Daniel  S.  Hager,  Toledo,  Ohio.  Filed 
Nov.  9,  1905.     Serial  No.  286,450. 


812,228.  FLUID-PRESSURE  METAL-WORK- 
ING MACHINE.  Casimir  von  Philp,  Bethle- 
hem, Pa.,  assignor  to  The  Bethlehem  Steel 
Company,  South  Bethlehem,  Pa.,  a  Corpora- 
tion of  Pennslyvania.  Filed  Aug.  24,  1904. 
Serial  No.  22f,014. 

In  a  fluid-pressure  metal-working  machine,  the 
combination    with    a    platen,    of    a    fluid-pressure 
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cylinder  and  plunger  mounted  in  said  platen, 
a  bed-plate,  a  plurality  of  jacks  upon  the  bed- 
plate for  supporting  the  work,  and  means  for 
moving  said  jacks  with  relation  to  said  platen, 
for  the  purpose  set  forth. 

512,271.  PNEUMATIC  -  DESPATCH  -  TUBE 
SYSTEM.  John  S.  Jacques,  Dorchester, 
Mass.    Filed  May  24,  1905.     Serial  No.  261,963. 

» 

812,375.  ROCK-DRILL.  Clark  J.  Smith,  Ot- 
tumwa,  Iowa,  assignor  to  The  Hardsocg 
Wonder  Drill  Company,  Ottumwa,  Iowa.  Filed 
Aug.  7,  1905.     Serial  No.   273,125. 

In  an  apparatus  of  the  class  described,  a  sup- 
porting-casing, a  drilling  mechanism  supported 
therein  and  feedable  therethrough,  means  co- 
operatively connecting  the  supporting-casing  and 
the  drilling  mechanism  to  permit  the  drilling 
mechanism  being  fed  forward  at  each  forward 
impulse  of  the  drill-hammer,  and  means  whereby 
said  drilling  mechanism  can  be  bodily  withdrawn 
from  said  supporting-casing,  substantially  as 
shown    and    described. 


An  apparatus  of  the  class  described,  compris- 
ing drilling  mechanism  consisting  of  an  elon- 
gated tubular  casing  having  an  external  thread, 
a  tubular  hammer-barrel  fitted  within  said  casing, 
a  drill-chuck  within  said  hammer-barrel  at  its 
forward  end,  a  closure-plug  within  said  hammer- 
barrel  at  its  rearward  end,  inlet-apertures  con- 
necting with  the  interior  of  the  hammer-barrel 
and  the  interior  of  the  drill-casing,  exhaust- 
ports  for  the  hammer-barrel,  a  reciprocating 
hammer  within  the  hammer-barrel,  means  for  ad- 
mitting  compressed    air    into    the    drill-casing,    a 


handle  member  secured  to  the  drill-casing  where- 
by the  same  can  be  turned  on  its  longitudinal 
axis,  a  tubular  supporting-casing  having  a 
bore  for  receiving  the  drill-casing,  a  worm-gear 
mounted  in  said  supporting-casing  and  adapted 
to  mesh  with  the  threads  on  the  drill-casing,  a 
hand-wheel  for  turning  the  worm-gear,  said 
worm-gear  and  said  drill-casing  being  arranged 
to  allow  the  drill-casing  to  be  automatically  fed 
forward  by  the  forward  movements  of  the 
hammer,  while  simultaneously  permitting  the 
drill-casing  to  be  turned  on  its  longitudinal  axis 
by  means  of  the  handle,  and  means  for  mounting 
said  supporting-casing  to  permit  adjustment  of 
the  drilling  mechanism  with  the  longitudinal 
axis  of  the  drill-casing  at  any  angle  substanti- 
ally as  shown  and  described. 

812,423.  MEANS  TO  REPLENISH  THE  AIR- 
CHAMBERS  OF  PUMPS  WITH  AIR. 
Henry  T.  Hazard,  Los  Angeles,  Cal.,  assignor 
of  one-half  to  Albert  Hoberecht,  Ensada, 
Mexico.  Filed  Oct.  5,  1904.  Serial  No. 
227,278. 

Means  to  replenish  the  air-chamber  of  a  pump 
with  air,  comprising  a  main  air-chamber  and  a 
supplementary  chamber  below  the  same,  a  par- 
tition therebetween,  a  port  in  said  partition  and 
a  port  in  the  bottom  of  the  supplementary 
chamber  and  valvular  means  to  alternately  open 
and  close  said  ports. 

812,451.  AIR-VALVE.  William  J.  Rice,  Mason 
City,  Iowa.  Filed  Nov.  7,  1904.  Renewed 
July  22,  1905.     Serial  No.  270,897. 

812,570.  APPARATUS  FOR  SHARPENING 
ROCK-DRILLING  MACHINE  BITS.  Joseph 
A.  G.  Kirsten,  Randfontein,  Transvaal.  Filed 
Mar.  15,  1905.     Serial  No.  250,151. 


In  apparatus  for  sharpening  rock-drilling  bits, 
main    vertical    plate,    a    secr.nd    vrrti-.Tl    i.lafe 
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fixed  thereto  and  having  a  central  aperture  and 
vertical  and  horizontal  guideways  radiating 
from  said  aperture,  die-carriers  in  said  guide- 
ways,  dies  attached  to  said  carriers,  a  device 
for  adjustably  supporting  the  top  vertical  die, 
levers  pivoted  to  the  second  plate  and  connected 
to  the  horizontal  die-carriers,  a  lever  pivoted 
to  the  main  plate  and  yieldingly  connected  with 
the  bottom  vertical  die-carrier  and  with  the 
levers  operating  the  horizontal  die-carriers,  and 
means  for  operating  the  lever  pivoted  to  the 
main    plate. 

812,697.  AIR-BRAKE  APPARATUS.  Augustus 
A.  St.  Clair,  Indianapolis,  Ind.  Filed  Aug. 
12,  1905.      Serial   No.  273,871. 

812,752.  DISTRIBUTING-VALVE  FOR  AIR- 
BRAKES. Georg  Knorr,  Britz,  near  Berlin, 
Germany.  Filed  July  11,  1904.  Serial  No. 
216,171. 

812,774.  ROCK-DRILL.  Clark  J.  Smith,  Ot- 
tumwa,  Iowa,  assignor  to  The  Hardsocg 
Wonder  Drill  Company,  Ottumwa,  Iowa. 
Original  application  filed  Aug.  12,  1905,  Serial 
No.  273,930.  Divided  and  this  application  filed 
Sept.  2,  1905.     Serial  No.  276,876. 


812,787.  PNEUMATIC  RIVETING-MACHINE. 
John  R.  French,  Los  Angeles,  Cal.  Filed 
Feb.   1,  1904.      Serial   No.  191,443. 


In  an  apparatus  of  the  class  described,  the 
combination  with  a  drill-casing  and  a  drill  car- 
ried thereby,  a  clamp  for  receiving  said  drill- 
casing,  said  clamp  including  means  whereby 
the  drill-casing  can  be  swung  clear  of  the  drill 
and  back  again  without  changing  the  alinement 
of  the  drill-casing  substantially  as  shown  and  de- 
scribed. 

812,792.  PNEUMATIC  -  DESPATCH  -  TUBE 

SYSTEM.  John  S.  Jacques,  Dorchester, 
Mass.  Original  application  filed  May  24,  1905, 
Serial  No.  261,963.  Divided  and  this  applica- 
tion filed  Dec.  23,  1905.     Serial  No.  293,092. 


In  a  pneumatic  riveting  machine,  a  support, 
a  riveter  movably  mounted  therein  and  provided 
with  valve  mechanism,  means  for  moving  the 
riveter,  and  a  connector  from  the  valve  mech- 
anism to  said  means  so  arranged  as  to  be  oper- 
able to  control  the  valve  at  any  position  of  the 
riveter. 

813,041.  ROCK-DRILL.  David  C.  Demarest, 
Angels  Camp,  Cal.  Filed  May  4,  1905.  Serial 
No.  258,845. 


In  a  rock-drilling  machine  the  combination  of 
a  shell  and  a  cylinder  supported  thereon,  one  of 
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said  jiarts  having  lugs  and  the  other  part  having 
seats  for  said  lugs,  and  means  to  clamp  the 
cylinder  to  the  shell,  said  means  including  bolts 
passing  through  the  caps  and  shell,  said  shell 
having  counterbores,  and  said  caps  having 
bosses  fitting  said  counterbores. 

812,883.  DOOR-OPER.\TED  AIR-PUMP  FOR 
ATOMIZERS.  William  H.  Rose,  Baltimore, 
Md.     Filed  Oct.    30,  1905.     Serial  No.  285,060. 

812,989.  POWER-BRAKE  MECHANISM.  Cur- 
tis B.  Goode,  Boston,  Mass.  Filed  Jan.  4,  1905. 
Renewed  Nov.  11,  1905.     Serial  No.  286,836. 

813,064.  CONTROLLING  MECHANISM  FOR 
BLOWING-ENGINES.  Johnson  V.  Symons, 
Johnstown,  Pa.  Filed  May  18,  1905.  Serial 
No.   260,935. 


In  a  blowing-engine,  the  combination  with  the 
air-cylinder  and  the  main  shaft,  of  an  outlet- 
valve  for  the  air-cylinder,  an  actuating-cylinder 
for  said  valve,  a  passage-way  connecting  said 
actuating-cylinder  with  the  air-cylinder,  a  con- 
trolling-valve in  said  passage-way,  a  by-pass  for 
said  controlling-valve,  a  check-valve  in  said  by- 
pass, a  lever  for  closing  said  controlling-valve; 
a  ratchet-clutch  on  the  main  shaft  operative 
only  when  the  engine  is  run  backward,  a  rock- 
shaft  connected  with  'said  clutch,  a  rocker-arm 
on  said  rock-shaft,  a  friction-clutch  interposed 
between    said    rocker-arm    and    said    rock-shaft,    a 


connection  between  said  rocker-arm  and  said 
lever  and  means  for  returning  said  lever  and  its 
operating  mechanism  to  their  normal  position 
when    inoperative. 

813,073.  PNEUMATIC  GRAIN-ELEVATOR. 
William  C.  Allen,  Gurlcy,  Ala.  Filed  May  10, 
1905.     Serial   No.   259,744. 

813,075.     GENER.-VTOR       OF       FLUID-PRESS- 
URE.    Adrien   Baudin,   Paris,    France.     Filed 
Aug.  5,  1903.     Serial  No.  168,325. 
A      fluid-pressure      generator      comprising      a 
chamber   containing   a   quantity   of    aqueous    ma- 
terial,   a    pump    for    drawing    air    through    said 
material,   a   chamber   into   which   the   cooled   and 
moistened  air  is  delivered,   and  means   for  heat- 
ing said  last-named  chamber. 

813,090.  AIR-BRAKE  MECHANISM.  Alva  L. 
Goodknight,  Council  Bluffs,  Iowa.  Filed  Sept 
6,  1905.     Serial  No.  277,228. 

813,109.  PNEUMATIC  HAMMER.  Reinhold 
A.  Norling,  Aurora,  III.,  assignor  to  Aurora 
Automatic  Machinery  Company,  Aurora,  111., 
a  Corporation  of  Illinois.  Filed  Feb.  17,  1905. 
Serial   No.   246,146. 


The  combination  of  a  cylinder  having  an  in- 
tegral handle  on  its  inner  end  and  a  bore  which 
extends  through  its  said  inner  end,  a  plunger  in 
said  cylinder,  a  controlling-valve  casing  in- 
tegral with  and  extending  laterally  from  the 
inner    end    of    the    cylinder    and    having    a    bore 
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which  is  closed  at  one  end  by  the  integral,  outer 
end  wall  of  the  casing  and  opens  at  its  other 
end  through  the  inner  end  of  the  casing,  a  valve- 
piston  in  the  said  valve-casing  having  its  cen- 
tral axis  parallel  with  the  cylinder,  and  sepa- 
rate closures  for  the  inner  end  of  the  bore  of 
the  cylinder  and  for  the  bore  of  the  valve- 
casing. 

813,322.  DEVICE  FOR  RAISING  LIQUIDS 
FROM  WELLS.  William  Richards,  Mayburg, 
Pa.     Filed  Feb.  3,  1904.     Serial  No.  191,841. 


In  an  improved  device  for  raising  liquids  from 
wells,  a  reservoir  located  below  the  producing 
strata,  a  bridge  located  at  the  upper  end  of  said 
reservoir,  a  valve  located  in  said  bridge,  there 
being  an  air-passage  and  an  oil-passage  formed 
within  the  body  of  said  valve. 

813,305.  SUPPLY  AND  EXHAUST  VALVE 
MECHANISM  FOR  MOTORS.  Wilber  H. 
Johnson,  Cumberland,  Md.  Filed  July  5,  1902. 
Serial   No.   114,436. 


In  a  motor,  the  combination  of  a  motor,  a 
piston  operating  therein,  a  fluid-supply  pipe,  a 
controlling-valve  in  said  pipe,  reciprocating 
means  governed  by  the  piston  for  periodically 
operating  said  valve,  an  exhaust-valve  in  the 
supply-pipe  controlling  the  exhaust  of  spent 
fluid  from  the  motor  to  the  atmosphere,  and 
means  of  which  the  first-mentioned  means  form 
a  part  for  operating  the  exhaust-valve  alter- 
nately  with    the    said   controlling-valve. 

813,390.  AIR-BRAKE  COUPLING.  Heraclitus 
H.  Sartain,  Burroughs  Cove,  Tenn.  Filed 
June   17,   1903.      Serial   No.   161,881. 

813,443.        COMPRESSOR.  Hans        Mikorey, 

Schoneberg,  near  Berlin,  Germany,  assignor 
to  The  Firm  of  W.  Graaff  &  Company  Gesell- 
schaft  mit  Beschrankter  Haftung,  Berlin, 
Germany.  Filed  May  10,  1905.  Serial  No. 
259,797. 


A  compressor  comprising  a  wheel  having  a 
groove  on  its  periphery,  a  membrane  formed  of 
rubber  stretched  across  said  groove,  so  as  to 
form  an  annular  chamber,  means  for  holding 
said  membrane  at  one  point  permanently  pressed 
against  the  bottom  of  the  chamber,  an  inlet-pipe 
entering  said  chamber  on  one  side  of  said 
means,  an  outlet-pipe  on  the  other  side  thereof 
and  a  roller  of  less  thickness  than  the  wheel 
engaging  the  membrane  so  as  to  force  it  against 
the  bottom  of  the  groove. 

813,747.  AUTOMATIC  AIR-BRAKE  COUP- 
LING. Arthur  H.  Skillings,  Brooklyn,  N.  Y. 
Filed  Dec.  15,  1904.     Serial   No.   236,924. 
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813,636.  PXEUMATIC  -  DESPATCH  -  TUBE 
APPARATUS.  Edmona  A.  Fordyce,  Bos- 
ton, Mass.,  assignor  to  Lamson  Consolidated 
Store  Service  Company,  Newark,  N.  J.,  a 
Corporation  of  New  Jersey.  Filed  Mar.  24, 
1903.     Serial  No.  251,770. 

813,691.  BRAKE  AND  TKACK-SANDING 
MECHANISM.  Murry  A.  De  France,  New- 
ark, Ohio,  assignor  of  one-fourth  to  Albert 
H.  Sisson,  one-fourth  to  Charles  E.  Krebs, 
and  one-fourth  to  W.  Bernard  Wingerter, 
Newark,  Ohio.  Filed  Sept.  7,  1905.  Serial 
No.  277,378. 

813,828.  ROCK-DRILL.  Edward  A.  Rix,  San 
Francisco,  Cal.  Filed  Aug.  16,  1905.  Serial 
No.   274,487. 


The  combination  in  a  rock-drill,  of  a  cylinder, 
having  a  slide  fixed  to  and  projecting  from  its 
bottom,  a  shell  within  which  said  slide  is  movable, 
the  bottom  of  said  slide  and  the  bottom  of  the 
guide  being  spaced  from  each  other,  and  means 
operable  in  said  space  between  said  bottoms  and 
adjustable  in  one  direction  to  compensate  for 
wear  between  the  bottom  and  also  the  sides 
of  said  guide. 

813,900.  PROTECTING  DEVICE  1-OR  PNEU- 
MATIC TIRES.  Emile  Lapisse,  Elbeuf, 
France.  Filed  Sept.  2,  1905.  Serial  No. 
276,828. 

813,934.  PROTECTIVE  COVER  FOR  PNEU- 
MATIC TIRT:S.  Josef  Albers,  Aix-Ia-Cha- 
pelle,  Germany.  Filed  Apr.  7,  1905.  Serial 
No.  254,415. 


813,921.  PNEUMATIC  DOLLY.  James  A. 
Shepard,  Montour  Falls,  N.  Y.,  assignor  to 
The  General  Pneumatic  Tool  Company,  Mon- 
tour Falls,  N.  Y.  Filed  May  6,  1903.  Serial 
No.  155,866. 


In  a  dolly,  the  combination  of  a  barrel,  a 
piston  projecting  therefrom,  a  die  set  eccen- 
trically upon  the  end  of  the  piston,  a  handle 
projecting  from  one  side  of  the  barrel,  a  longi- 
tudinal slot  on  the  piston,  a  guiding  member  in 
the  barrel  in  engagement  therewith,  whereby 
the  piston  is  held  from  rotation  with  freedom 
to  reciprocate  and  the  die  is  held  in  fixed  rela- 
tion to  the  handle,  and  means  for  admitting 
fluid  under  pressure  behind  the  pfston. 

813,982.  SELF-REGULATING  AIR-PUMP. 
Maximilian  Loewenstein,  Brussels,  Belgium, 
assignor  of  two-thirds  to  Jonas  Stork,  Brus- 
sels, Belgium,  and  Maurice  Kind,  New  York, 
N.  Y.     Filed  Apr.  14,  1905.     Serial  No.  255,617. 


In  a  self-regulating  air-pumj),  the  combination 
of  a  scries  of  bells,  means  for  lifting  said  bells 
alternately  and  automatically,  and  connections 
whereby  the  fall  of  one  bell  immediately  causes 
it  to  be  lifted  and  at  flic  same  time  releases 
another  bell,  substantially  as  described. 
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Established  18%. 

A  monthly  magazine  devoted  to  the  useful  applications 
of  compresced  air. 

JUNE,     1906. 

THE    COMPARATIVE    MERITS  OF 

AIR  AND  ELECTRIC  DRILLS. 

Written  for  COMPRESSED  AIR 

By 

Granville  E.   Palmer 

Invention  has  probably  nc\er  won  fewer 
and  poorer  rewards,  in  proportion  to  the  talent 
expended,  than  those  received  by  the  design- 
ers of  Electric  Drills ;  and  as  the  progress  of 
the  art  during  the  past  twenty  years  is  an- 
alj'zed,  it  seems  to  the  writer  that  the  diffi- 
culties presented  to  the  designers  of  this  form 
of  apparatus  are  insurmountable. 

The  Air  Drill  seems  to  occupy  a  very  secure 
position  with  regard  to  its  retention  as  a  stand- 
ard form  of  apparatus  ;  and  it  is  quite  .remark- 
able that  as  a  labor-saving  device  one  of  the 
most  inefficient  pieces  of  apparatus  ever  de- 
signed should'  have  proved  the  most  econom- 
ical in  its  particular  field. 

Drilling  holes  in  rock  is  an  operation  in 
which  an  exhibition  of  bull  strength  and  awk- 
wardness is  desirable,  and  this  feature  the  air 
drill  seems  to  possess  to  a  commercially  mar- 
ketable degree,  to  the  exclusion  of  all  other 
types  of  power  drills.  A  jarring  hammer 
blow,  transmitted  to  a  cutting  edge,  is  the  way 
of  all  ways  for  putting  in  rock  holes  of  mod- 
erate depth ;  and  for  this  class  of  work,  tools 
driven  directly  by  air  or  steam  are  practically 
ideal,  as  all  of  the  parts  of  the  reciprocative 
piston  that  are  liable  to  damage  are  easily  pro- 
tected from  mechanical  injury,  and  so  enclosed 
in  a  chamber  of  elastic  and  cotnpressible  gas 
that  no  damage  results  to  them,  even  when 
the  drill  is  instantly  stopped  by  sticking  in  the 
hole — a  not  infrequent  occurrence.  Of  course 
the  electric  drill,  with  its  short,  rapid  stroke, 
cuts  a  cleaner  and  straighter  hole  than  the 
air  drill ;  but  it  does  stick  and  stop  short,  with 
damaging  results. 

The   particular   advantages   claimed    for    the 


electric  over  the  air  are  low  first  cost  of 
plant,  ease  of  installation,  and  great  economy 
of  power, — and  every  one  of  these  claims  are 
true;  but  when  the  high  cost  of  maintenance 
and  time  lost  incident  to  break-downs  are  con- 
sidered, the  above  claims  sink  into  insignifi- 
cance— particularly  when  the  continuous  oper- 
ation of  the  entire  mine  depends  more  upon  the 
reliability  of  the  rock-drilling  apparatus  than 
on  perhaps  any  other  operation. 

The  reasons  that  the  air  and  steam  drills 
are  a  success,  as  above  noted,  are  that  the  es- 
sential delicate  parts  are  protected  from  jar, 
and  that  no  injury  to  the  apparatus  occurs 
when  the  drill  is  stopped  by  a  "sticky  hole." 
The  reason  why  the  electric  drill  has  proved 
a  failure  is  because  it  is  impossible  to  proper- 
ly protect  the  motor  from  jar,  and  at  the  same 
time  properly  transmit  and  transform  its  ro- 
tary motion  to  the  reciprocatory  stroke  neces- 
sary to  operate  the  drill  steel. 

No  form  of  insulation  has  yet  been  de- 
vised that  will  stand  up  under  the  continued 
jar  of  the  drill  bodj-  for  any  appreciable  length 
of  time ;  and  though  the  results  of  e.xperi- 
mental  work  have  led  several  designers  to  be- 
lieve that  they  had  found  a  satisfactory  form 
of  insulation,  the  most  successful  types  of 
apparatus  have  the  drill  proper  connected  with 
its  motor  by  a  flexible  or  semi-fle.\ible  shaft. 

With  the  motor  removed  from  the  drill 
body,  the  insulation  difficulties  are  overcome, 
and  the  transmission  of  the  power  from  the 
revolving  armature  to  the  reciprocating  draw 
bar.  and  from  it  to  the  chuck  and  ratchet  bar 
is  the  last  point  to  consider.  As  the  travel  of 
the  draw  bar,  driven  by  a  crank  shaft  and  inter- 
nal cam,  must  have  definite  limits  of  motion,  and 
as  the  comiection  between  the  draw  and  chuck 
bars  must  be  sufficiently  flexible  to  permit  the 
draw  bar's  continued  operation  when  the 
chuck  bar  is  held  stationary  by  reason  of  the 
drill  sticking  in  the  hole,  and  at  the  same  time 
be  sufficiently  rigid  to  permit  of  the  chuck 
bar  striking  a  blow  representing  a  hundred  or 
more  foot  pounds  of  energy  under  normal  con- 
ditions, an  exceedingly  efficient  spring  trans- 
mission is  necessary.  Though  wonderful  things 
have  been  accomplished  in  spring  manufac- 
ture, it  does  not  seem  that  the  art  has  reached 
the  stage  where  the  above  results  can  be  ob- 
tained in  regular  practice.  *> 

The  usual  reason  for  the  installation  of  pow- 
er drills   in  place  of  hand  steel  is   to  permit 
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of  a  more  rapid  advance  in  this  branch  of  the 
work,  so  that  it  maj-  keep  step  with  other 
operations,  and  the  use  of  apparatus  that  does 
not  accomplish  this  result — even  though  it 
does  periorm  the  operation  of  drilling  holes 
with  somewhat  greater  economy — is  a  step 
backward.  I  think  that  the  following  table, 
compiled  from  a  recent  comparative  test  be- 
tween two  Adams  Electric  Drills  (which  cer- 
tainlj-  are  equal,  if  not  superior  to  any  other 
electric  drills  on  the  market)  and  two  old 
2}i"  Air  Drills,  operating  at  eighty  pounds 
pressure  at  sea  level,  shows  conclusively  that 
the  value  of  electric  apparatus  for  work  of  this 
character  is  questionable. 

Work  done  on  black  diabase  about  71^2°  dur- 
ing hfty-three  consecutive  ten-hour  shifts. 

Air  Drill    Elec.  Drill 
Actual  hours   drilling....      317  lOO 

Actual    feet    drilled 1,279  253 

Average   feet   per  hour. .  4  2.55 

Times  stopped  for  repairs         o  17 


ECONOMY    IN    THE    OPERATION 
OF  COAL  MINE  POWER  PLANTS 


BY   F.    C.    WEBER,    M.    E. 


The  advantages  of  the  Corliss  type  of  steam- 
engine  over  that  of  any  other  type  of  slow 
speed  engine  have  been  universally  recognized 
b}'  the  engineering  world  for  many  years,  and 
when  used  as  the  "power  end''  of  an  air  com- 
pressor it  is  generallj'  recognized  that  this 
combination  produces  the  highest  type  of  air 
compressor.  This  is  especially  true  of  the 
larger   sizes   of   compressors. 

This  fact  has  long  been  taken  advantage  of 
in  the  mining  districts  of  South  Africa,  i\Iich- 
igan.  and  many  others,  where  fuel  cost  is  an 
important  item.  IManj'  of  the  mines  at  first 
acquired  a  number  of  small  compressors  to 
supply  their  different  operations,  which  they 
replaced  with  larger  Corliss  compressors,  as 
the  total  capacity  warranted  such  a  change. 
In  many  new  mines  to-day  Corliss  compress- 
ors are  the  only  type  considered  from  the 
start. 

The  more  prominent  coal  mines  are  now  be- 
ginning to  place  the  proper  value  on  this  type 
of    compressor,    for    the    oldtime    heresy    that 
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Items, 
coxdexsek. 

Air  pressure  at  receiver, 
pounds  per  square  inch. 

Steam  pressure   

Type  of  steam-engine 

Tj-pe  of  steam  valve  gear 

Type   of   air  compressor 

Water   rate,   steam-engine 

I.  H.  P.  per  loo  cu.  ft.  free  air 

Type   of   boiler 

Type   of  buildings 

Foundations  and  piers 

Interest    on    investment 

Depreciation  and  repairs 

No.  hours  per  year  considered 

Cost  of  coal  at  boilers 

Compressor  capacity  in  free  air 
per    minute 


Str.mght    Lixe    Compressor 
Plant. 

(Full      Lines  )- 


NOX-COXDEXSING. 

lOO  pounds  

100  pounds  

Single  cylinder    

;\Icyer  Valve  Gear 

Single    stage    

35  lbs.  per  I.  H.  P.  per  hour. 

20^  I.  FL  P 

Return   tubular    

Wood   structure    

Concrete    

4  per  cent 

8  per  cent 

6,ooo   hours    

75c.  to  $i.oo  per  ton   


1,500  to  11,000  cu.  ft 


Corliss   Compressor    IYant. 
(Dotted    Lines) 

Condensing. 

100  pounds. 

125-135  pounds. 

Cross-compound    cylinders. 

Corliss  Valve  Gear. 

Two  stage. 

15  lbs.  per  I.  H.  P.  per  hour. 

1754   I.  H.  P. 

Water  tube. 

Wood  and  structural  steel. 

Concrete. 

4  per  cent. 

6  per  cent. 

6,000  hours. 

75c.  to  $1.00  per  ton. 


1.500  to  11,000  cu.  ft. 


"fuel  costs  nothing  and  need  not  be  consid- 
ered" is  rapidly  giving  way  to  the  more  logical 
view  that  any  waste  is  a  positive  loss  and  what 
does  the  work  for  one  ought  to  it  for  some 
one  else,  and  thereby  yield  its  profits  to  the 
producer. 

If  one  mining  plant  requires  from  100  to  150 
per  cent,  more  coal  than  another  for  a  given 
amount  of  power,  the  mine  is  certainly  sacri- 
ficing its  profit  on  the  extra  fuel  burned,  for 
the  coal  makes  just  as  good  steam  under  the 


customer's  boilers.  Again,  if  two  to  two  and 
one  half  times  as  much  coal  is  burned  for  a 
given  amount  of  power,  it  costs  the  mine  $150 
to  $2.00,  plus  selling  profit  on  the  fuel  l)urned, 
for  what  they  could  obtain  in  tlic  more  eco- 
nomical type"  of  plant  at  75  cents,  which  is 
about  the'  average  cost  per  ton  to  the  mine 
for  coal  burned  under  their  boilers,  'ihcn 
again,  the  less  economical  type  of  engine  re- 
quires a  larger  l)oiler  plant  to  burn  the  extra 
coal  to  keep  up  the  steam,  which  means  more 
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firemen  and  more  repairs  and  more  trouble 
with  bad  water.  When  this  comparison  is 
between  the  ordinarj-  straight  line  type  of 
compressor,  commonly  used  by  most  coal 
mines,  and  a  cross-compound  Corliss  condens- 
ing two-stage  air  compressor,  the  relative  dif- 
ference in  economy  is  quite  marked,  even  for 
machines  of  moderate  capacities  ;  and  to  show 
the  relation  of  these  two  types  of  compressor 
plants  to  each  other  as  regards  complete  instal- 
lation costs  and  operating  expenses,  the  ac- 
companying diagrams   were  prepared. 


in  general  practice  and  are  as  shown  in  table 
on  the  following  page. 

From  a  study  of  the  resuhs  it  is  apparent 
that  the  Corliss  compressor  has  a  legitimate 
field  in  the  coal  mine,  for  even  with  capacities 
as  low  as  2.500  cubic  feet,  the  difference  of  cost 
in  installation  is  made  up  in  two  years.  At 
5,000  cubic  feet  capacity  the  difference  is  made 
up  in  one  year  with  coal  at  75  cents  per  ton. 
Beyond  this  point  there  is  absolutely  no  ques- 
tion about  the  economy  of  the  Corliss  type  of 
compressor,   for   the    difference   in   installation 
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As  shown  in  Plates  I  and  11,  the  free  air 
capacity  of  the  two  types  of  compres.sors  is 
compared  with  installation  costs  and  operat- 
ing expenses  for  sizes  from  1,500  to  11,000 
cubic  feet  per  minute.  The  installation  costs 
are  close  approximations  to  actual  costs,  and 
would  meet  general  conditions  under  which 
such  plants  are  installed  in  different  parts  of 
the  country.     The  difference  in  first  cost  and 

.  operating   expenses   between   the  two   types   is 
shown  in  Plate  III. 
The  operating  expenses  are  based  on  6.000 

'  hours'  work  per  year,  and  the  price  of  coal  is 
taken  at  75  cents,  $1.00.  $2.00  and  $3.00  per 
ton.  The  last  two  costs  are  intended  for  mines 
other  than  coal  mines.  The  conditions  as- 
sumed in  these  calculations  are  such  as  obtain 


costs  is  a  decreasing  one.  and  at  9,500  cubic 
feet  capacity  the  installation  cost  of  the  Corliss 
plant  is  less  than  that  of  the  straight-line  com- 
pressor plant. 

The  straight-line  plants  tabulated  here  have 
been  favored  in  many  respects,  for  both  types 
of  plants  are  considered  as  placed  under  one 
roof,  whereas  the  average  straight-line  plant 
of  four  to  six  machines  has  at  least  three  to 
four  buildings  and  separate  engineers  and  fire- 
men. 

Aside  from  its  economic  advantages,  the 
Corliss  compressor  possesses  mechanical  ad- 
vantages over  the  other  type,  that  recommend 
it.  It  has  a  higher  mechanical  efficiency,  or 
less  friction,  its  volumetric  efficiency  is  higher, 
the  lubrication  is  better,  the  maximum  strains 
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are  lower,  resistance  is  more  uniforni.  and 
its  life  is  longer.  The  regulation  is  automatic 
and  is  effected  through  the  governor  on  the 
cut-off  mechanism   of  the  valve  gear. 

It  is  generally  possible  to  place  the  power 
plant  near  a  stream,  so  that  condensing  water 
can  be  used;  if  the  stream  is  not  a  large  one, 
provision  for  damming  the  water  can  be  made 
at  comparatively  low  cost,  so  that  the  condens- 
ing water  can  be  used  over  and  over. 

As  to  the  advisability  of  replacing  existing 
line  plants  with  a  Corliss  plant,  the  present 
value  of  the  old  plant  deducted  from  that  of  a 
new  Corliss  plant  will  represent  an  investment 
that  can  yield  ample  returns  through  coal 
saved,  such  as  easily  to  warrant  the  change. 
The  boilers  need  not  be  changed  for  better 
types  until  worn  out. 


MODERN  METHODS  OF  ROCK 
EXCAVATION 


Well    Drilling    Machines    Operated    by 

Compressed  Air  on  Heavy  Contract 

Work 

In  the  November  issue  of  COMPRESSED 
AIR  there  appeared  an  article  entitled.  "A 
Central  Compressed  Air  Power  Plant  for 
Heavy  Railroad  Construction,"  by  Lucius  I. 
Wightman,  E.  E.  This  article  described  in  de- 
tail the  compressed  air  installation  for  work 
on  the  low  gr^de  freight  line  of  the  Pennsyl- 
vania Railroad  near  Safe  Harbor,  Pa.  It  is 
the  intention  of  the  present  article  to  describe 
the  work  accomplished  by  the  well-drilling  ma- 
chines on  this  contract  more  fully  than  was 
■done  in  the  previous  article. 

There  were  forty-two  such  machines  in  use 
and  the  results  attained  were  so  remarkable 
that  we  believe  they  warrant  special  mention. 
It  will  be  remembered  by  those  who  read  the 
previous  article  that  the  plans  involved  a 
double  track  line  at  a  height  above  the  river 
which  would  avoid  all  difliculty  from  high 
water;  and  its  object  was  to  remove  the  con- 
gestion of  freight  traffic  on  the  main  line,  as 
Avell  as  to  reduce  the  heavy  freight  hauls 
wliich  marked  this  section  of  the  road.  Prob- 
ably, the  most  difficult  conditions  were  mei  at 
a  section  about  nine  miles  in  length  beginning 
on  the  north,  near  Columbia,  Pa.,  and  reach- 
ing to  Modic  Fords,  upon  the  south.  Along 
this  stretch  the  hills  jut  into  the  river  with 
abrupt  headlands  of  solid  rock  several  hun- 
dred feet  high  and,  in  many  cases,  almost  per- 
pendicular. 


The  work  here  consisted  of  a  continuous  cut 
in  solid  rock  and  the  almost  vertical  hill-side 
made  necessary  the  removal  of  vast  ciuantities 
of  rock  with  tremendous  charges  of  powder, 
before  the  necessary  width  could  be  secured 
at  grade.  This  section  is  especially  interesting 
and  noteworthy  in  that  practically  all  the  rock 
was  removed  by  heavy  blasts,  the  holes  for 
which  were  drilled  by  portable  well-drilling 
machines,  operating  under  compressed  air  sup- 
plied from  the  central  compressed  air  power 
plant. 

The  contractor  for  this  work  was  H.  S. 
Kerbaugh,  Inc.,  of  Philadelphia,  who  employed 
forty-two  well-drilling  machines  on  this  con- 
tract, and  to  whom  we  are  indebted  for  much 
of  the  data  contained   in  this  article. 

Before  describing  the  operation  of  these 
machines  in  connection  with  this  contract, 
however,  it  might  be  well  to  state  briefly  the 
reasons  which  led  to  the  selection  of  these 
machines  for  such  important  work.  The  above 
named  company  had  previously  undertaken  the 
construction  of  the  Enola  Yards  for  the  Penn- 
sylvania Railroad  Company.  They  had  three 
hundred  to  four  hundred  laborers  drilling 
holes  by  hand,  using  churn  drills  and  drilling 
to  a  depth  of  from  twenty  to  thirty  feet.  The 
material  drilled  was  shale  and  could  not  be 
drilled  by  rock  drills.  At  that  time  they  had 
ten  steam  shovels  and  contemplated  adding 
that  many  more  and  workiu"-  them  day  and 
night.  The  large  increase  in  labor  expense 
and  the  prospect  that  even  an  increase  in  the 
laborers  would  not  keep  the  material  loosened 
up  in  order  that  the  shovels  might  dig  unin- 
terruptedly, forced  them  to  adopt  some  better 
method  of  drilling.  The  cutting  averaged 
seventy-tive  feet  deep  and  it  was  therefore 
necessary,  with  chum  drills,  to  make  three 
lifts,  requiring  switchbacks  and  grades  of  2 
per  cent,  to  get  the  material  from  the  shovels 
to  the  fills.  Well- drills  were  adopted  and  the 
cuts  were  made  at  grade,  doing  away  with  the 
switch-backs  and  the  2  per  cent,  grades.  The 
machines  adopted  had  a  drilling  capacity  of 
230  to  400  feet  ff)r  four  and  a  half  to  six-inch 
holes,  were  fitted  with  5  to  6  If.  P.  reversing 
engines,  and  were  manufactured  by  the  Star 
Drilling  Machine  Company,  of  .Akron.  Ohio. 
With  seventeen  of  these  drills,  single  shifted, 
it  was  not  only  possible  to  keep  twenty-two 
steam  shovels  working,  but  it  was  possible  to 
keep  holes  drilled  ahead.     On  the  Enola  \'ard 
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work  all  the  well  drills  were  steam  actuated. 
The  holes  averaged  seventy-five  feet  deep,  five 
and  five-eighths  inches  in  diameter  and  a 
drill  averaged  forty-eight  feet  of  hole  drilled 
per  ten-hour  shift.  In  some  cases  the  drills 
averaged  eighty  feet  per  ten  hours  and  in 
other  cases  less  than  twenty  feet,  this  latter 
being  due  to  caving  in  of  the  material  and  it 
was   sometimes   due   to   the  presence   of  lime- 


causing  the  drills  to  deflect  and  adding  greatly 
to  the  difficulties.  In  crossing  these  seams 
and  in  straightening  up  the  holes  X-bits  were 
used.  The  first  ten  to  forty  feet  in  some 
places  required  casing,  but  in  other  places  the 
holes  started  with  the  solid  rock.  The  holes 
were  five  and  five-eighths  inches  in  diameter 
all  the  way  down  and  ranged  in  depth  from 
one  hundred  to   one  hundred  and  thirtv  feet. 


BLAST-HOLE  DRILLERS  OPERATING  ON  SIDE  HILL  WORK. 


stone,   flint   or   quartz   in   the   last   fifteen    feet 
of  the  deep  drilling. 

After  such  a  practical  demonstration  as  this 
of  the  advantages  to  be  obtained  by  the  use 
of  well-drilling  machines  it  was  natural  that 
H.  S.  Kerbaugh,  Inc.,  should  adopt  them  in 
connection  with  the  work  at  Safe  Harbor,  al- 
though it  was  an  entirely  different  proposition 
from  the  Enola  work.  The  ground  to  be 
drilled  was  hard  rock  of  a  gneiss  mica  schist 
formation  with  a  small  percentage  of  lime. 
This  rock  varied  in  hardness  and  the  seams 
were   at   varying  angles   to   the   perpendicular. 


The  average  drilling  was  nineteen  feet  six 
inches  per  ten-hour  shift,  but  the  rate  varied 
greatly,  according  to  the  location.  On  the 
west  end  of  the  work,  the  rate  was  sixty  feet 
in  ten  iiours.  while  at  Mann's  Run,  where  the 
holes  were  from  seventy-five  to  one  hundred 
and  twenty-eight  feet  deep,  the  rate  was  eleven 
feet  per  day.  At  Star  Rock  one  hundred-foot 
holes  averaged  fourteen  feet  per  ten  hours.  At 
Buzzard  Rock,  where  holes  were  from  one 
hundred  to  one  hundred  and  thirty  feet  deep, 
the  average  was  nine  feet  per  ten  hours.  From 
the    Buzzard    Rock    to    Brenner's    Hollow,    in 
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SHOWING  THE  DIFFICULT  NATURE  OF  THE   WORK. 


nine  thousand  feet  of  solid  rock  drilling,  the 
holes  averaged  from  sixty  feet  to  one  hundred 
and  thirty  feet  in  depth,  the  rate  of  drilling 
being  nine  feet  per  ten-hour  shift.  From 
Brenner's  Hollow  to  Safe  Harbor  Viaduct  the 
drilling  was  from   eighty  feet  to  one  hundred 


and  thirty  feet  deep :  the  average  rate  being 
twenty  feet  per  ten  hours.  The  drills  on  the 
Safe  Harbor  work  for  the  first  sixty  days  were 
steam  actuated,  and  after  that  time  were 
driven  by  comjiressed  air.  the  size  of  the  con- 
tract making  it  advisable  to  operate  as   far  as 
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possible  all  inachincs  from  a  central  com- 
pressed air  power  plant,  thus  affecting  consid- 
erable saving  over  the  cost  of  operating  num- 
erous temporary  boilers  scattered  throughout 
the  course  of  the  work. 

The  method  of  excavation  has  been  that  of 
drilling  a  number  of  very  deep  vertical  holes 
along  the  inside  of  the  desired  cut,  and  a  ser- 
ies of  "snake"  holes  of  a  suitable  depth  on  a 
level  with  the  bottom  of  the  vertical  holes. 
These  holes  were  sprung  by  a  charge  of  dyna- 
mite, then  loaded  with  blasting  powder  and 
the  entire  series  discharged  at  once  by  an  elec- 
tric current  from  the  central  power  plant. 
Enormous  charges  were  used  and  great  quan- 
tities of  rock  dislodged.  In  many  instances 
the  major  part  of  the  mass  was  thrown  into 
the  river  and  required  no  handling,  the  last 
rock  remaining  was  loaded  in  cars  by  chain 
shovels  and  run  back  over  a  light  railroad  to 
suitable  dumping  places,  but  fills  were  re- 
markably infrequent. 

In  carrying  out  this  work  the  drilling  ma- 
chines were  properly  located  and  a  branch 
pipe  from  the  air  main  connected  by  a  length 
of  hose  to  the  boiler,  which  thus  served  as  a 
secondary  receiver.  No  changes  were  made 
necessary  in  the  machine  itself  by  the  use  of 
compressed  air  in  place  of  steam  for  the  mo- 
tive power,,  the  machines  working  equally 
well  on  either.  It  was  found,  however,  that 
they  did  not  work  effectively  with  less  than 
eighty  pounds  pressure.  When  steam  driven 
they  required  one  driller  and  two  helpers. 
When  air  driven,  one  driller  and  one  helper. 

Owing  to  the  difficult  positions  in  which 
these  drills  were  placed,  four  men  were  re- 
quired for  every  two  drills  to  carry  the  bits 
to  the  blacksmith  shop.  In  some  places  horses 
were  used  to  drag  the  bits  to  the  shops,  while 
on  one  section  it  was  necessary  to  use  a  horse, 
and  rope  and  pulley  to  hoist  the  bits  to  a  road 
one  hundred  and  twenty-five  feet  above  the 
drilling  stage  to  get  them  to  a   shop. 

All  the  work  in  connection  with  this  con- 
tract was  side  hill  work.  It  was,  therefore, 
necessary,  in  order  to  place  the  well-drills  on 
the  face  of  the  cliffs,  to  make  roads  ten  feet 
wide  by  hand  labor,  using  in  some  places  rock 
drills,  drilling  holes  ten  to  thirty  feet  in  depth. 
The  drilling  machines  were  then  propelled 
along  these  roads,  drilling  holes  to  the  re- 
quired depth.  In  some  cases  drills  were 
erected  at  right  angles  to  these  roads  in  order 


that  a  machine  could  drill  holes  in  projecting 
points. 

The  question  may  arise  in  the  minds  of  some 
readers  as  to  how  it  could  be  economical  to  use 
machines  which  had  to  have  a  special  roadway 
constructed  for  them  along  the  sides  of  the 
cliffs.  The  answer  to  this  is  that  the  clement 
of  economy  did  not  enter  into  the  actual  drill- 
ing. It  was  found  in  the  greater  efiiciency  in 
blasting;  more  rock  being  displaced  by  blast- 
ing well-drilled  holes,  drilled  below  grade,  than 
by  successive  lifts  of  from  twenty-five  to  thirty 
feet,  using  rock  drills  to  drill  the  holes.  Rock 
drill  holes  were  drilled  very  rapidly  but  were 
less  efficient  when  blasted,  each  bench  having 
to  be  cleaned  off  by  hand  labor  except  the 
final  one  at  grade,  which  was  cleaned  off  by 
using  a  steam  shovel.  The  well-drilled  holes, 
once  drilled  below  grade,  did  the  work  so 
well  that  whatever  material  was  left  on  the 
bench  could  be  removed  by  steam  shovels,  thus 
doing  away  entirely  with  hand  labor. 

The  horizontal  or  "snake"  holes  were  drilled 
by  standard  rock  drills,  about  two  hun- 
dred and  fifty  of  these  machines,  having  been 
used  on  the  work.  The  holes  drilled  averaged 
in  depth  up  to  a  maximum  of  thirty-five  feet. 
The  deepest  holes  were  four  and  a  half  inches 
in  diameter  at  the  top  and  diminished  to  one 
and  five-eighths  inches  at  the  bottom.  .-Ks  the 
rock  varied  considerably  in  character,  the  av- 
erage being  of  a  hardness  rather  above  the 
ordinary,  the  service  was  not  easy  on  the  ma- 
chines and  the  average  of  each  drill  was  from 
forty  to  sixty  feet  of  hole  per  day.  including 
the  necessary  delays  due  to  changing  steels 
and  moving  positions. 


COMPRESSING    AIR    HYDRAUL- 
ICALLY 

The  utilization  i>t  water  power  fi>r  the  com- 
pression of  air  by  entrainment  is  becoming  in- 
creasingly frequent.  Such  a  plant  has  been  in 
operation  at  .Magog,  Canada,  for  some  time,  a 
1. 500  h.  p.  plant  has  just  been  put  in  ()i)eration 
at  the  junction  r)f  the  Quinebaug  and  Shctucket 
rivers  in  Connecticut,  where  it  replaces  steam 
in  forty  engines  in  neighboring  manufacturing 
plants.  .\  4.500  h.  p.  |)lant  is  now  lieiug  com- 
pleted in  Rockland.  .Mich.,  to  furnish  |)ower 
for  the  entire  operation  of  the  \ictoria  mine. 
.\  highly  iiUeresting  de»crii)tion  of  the  (Juiiie- 
l>aug  plant  was  read  in  the  .March  meeting  of 
the  .New  England  Water  Works  .Association 
bv  J.  11.  Shedd,  consulting  engineer  for  the 
project. 
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SUBMARINE    DRILLING    IN    THE 
CLYDE  NEAR  GLASGOW 

By 
E.  F.  Schaefer,  M.  M.  E. 
The  conditions  under  which  submarine  rock 
excavation  must  be  done  are  extremely  diffi- 
cult, calling  for  special  apparatus  of  unusual 
strength  and  endurance.  This  character  of 
work  is  nearly  always  carried  on  where  tides, 
currents,  winds  and  storms  are  present  in 
varA'ing  degrees,    and   these   elements   are   an- 


both  ocean  and  lake-going  vessels  the  removal 
of  subaqueos  is  daily  becoming  a  more  import- 
ant feature.  The  deepening  of  channels  is 
possible  only  because  of  the  improvements 
W'hich  have  been  made  in  rock  drills,  and  to- 
day such  work  may  be  done  effectively,  rapidly 
and  cheapl}\  In  modern  submarine  drilling, 
steels  are  used  anywhere  from  30  to  60  feet 
in  length  and  sometimes  they  weigh  as  much 
as  400  pounds.  To  drill  with  such  steel  in 
hard  homogeneous  material  is  a  problem.  In 
poor  material  and  under  w^ater,  where  the  drill 
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tagonistic  to  economical  and  rapid  work,  and 
until  recently  involved  such  uncertainty  as  to 
require  absolute  daring  to  undertake  river  and 
harbor  excavation ;  but,  add  to  these  troubles, 
deep  water,  irregular  bottom,  covered  with 
mud,  sand  or  other  shifting  material  which 
fills  in  almost  as  fast  as  removed,  and  a  com- 
bination of  difficulties  results  which  was.  up 
to   the   present   time,   almost   insurmountable. 

Owing   to   the     increasing    submergence     of 
must  be  run  by  the  sense  of  feeling,  difficult- 


ies are  multiplied  as  it  is  absolutely  essential 
to  have  a  drill  which  is  at  once  massive,  pow- 
erful, durable,  and  capable  of  perfect  control 
through  all  ranges  of  length  of  stroke  and 
weight  of  blow.  The  drill  must,  of  course, 
ba  mounted  en  a  barge,  scow  or  float,  fitted 
with  suitable  framing  to  support  the  drill 
guides,  the  drills,  the  boilers  and  other  aux- 
iliary apparatus.  The  barge  is  towed  into 
place  and  anchored  by  means  of  cables,  anchor 
chains    or    spuds,    or    a    combination    of   these 
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methods,  depending  upon  the  rise  and  fall  of 
the  tides  or  the  currents  to  be  encountered. 

In  the  photograph  reproduced  in  these 
pages  is  shown  one  of  the  two  barges  which 
are,  at  present,  working  on  the  EldersHe  Rock 
Blasting  Contract  at  Renfrew,  near  Glasgow. 
The  contractors  for  this  work  are  Messrs.  Hill 
&  Co.,  of  Pl\-niouth  and  London. 

The  work  to  be  accomplished  is  of  a  very 
extensive  nature  and  consists  in  drilling, 
blasting  and  removing  rock  for  deepening  the 
channel  in  the  Clyde.  Many  thousands  of 
holes  must  be  drilled,  the  average  depth  of 
each  being  about  eight  feet.  Occasionallj-, 
however,  the  bed  of  the  river  is  such  that  a 
depth  of  ten  feet  is  necessary  and  this  drill- 
ing must  be  accomplished  through  a  maximum 
depth  of  water  of  thirty  feet. 

Each  barge  is  provided  with  eight  Ingersoll 
Rand  Class  HA-r  Rock  Drills.  This  drill  has 
a  diameter  of  five  inches  and  a  length  of  stroke 
of  eight  inches. 

The  drills  take  steam  from  two  boilers  on 
either  end  of  the  barge,  these  being  of  the 
Marine  Type,  working  under  120  pounds 
pressure.  1  he\'  are  connected  to  a  main  steam 
pipe  which  runs  behind  the  drills,  and  from 
which  branch  pipes,  fitted  with  stop  valves, 
are  taken.  The  drills  are  connected  with 
these  branch  "pipes  by  means  of  steam  hose. 
Immediately  below  the  stop  valves  are  hand 
winches  which  are  used  to  feed  the  drills  to  the 
work  or  to  raise  them  from  it.  The  drills  are 
supported  in  guides  and  suspended  by  wire 
ropes  which  pass  over  pulleys  at  the  top  of  the 
frame  and  under  pulleys  at  the  bottom,  thus 
allowing  a  very  accurate  feeding  of  the  ma- 
chines. Behind  these  winches  is  a  secondary 
and  smaller  winch  provided  with  a  wire  rope 
to  hoist  the  drill  steels  from  the  holes  and 
replace  them  preparatory  to  drilling.  The 
winches  and  the  handles  of  the  stop  valves 
are  in  close  proximity  so  that  one  man  can 
handle  each  machine. 

Submarine  tubes  which  are  used  in  this  con- 
tract consist  in  each  case,  of  long  lengths  of 
four-inch  screwed  piping  which  may  be  ex- 
tended to  meet  the  rise  of  the  tide.  These 
tubes  are  forced  through  the  over-lying  mud, 
sand  or  gravel,  to  the  rock-bed  and  serve  to 
keep  the  advancing  hole  free  from  extraneous 
matter.  The  holes  are  drilled  e.xactly  as  in 
the  case  of  drilling  down  holes  on  land,  the 
drill  being  fed  down  as  far  as  possible,  then 


being  run  back,  a  longer  steel  inserted,  and 
so  on.  until  the  desired  depth  is  reached,  when 
the  steel  is  removed  and  the  hole  charged  with 
explosive  through  the  tube.  The  casing  tube 
IS  then  removed,  the  wires  connected  with  the 
blasting  battery  and  explosion  effected  with- 
out shifting  the  barge. 

A  further  feature  of  the  plant  is  the  cages 
situated  at  either  side  of  the  drills,  permitting 
any  adjustment  to  be  made  while  the  ma- 
chmes  are  in  operation.  From  the  time  of 
starting  the  first  drill  to  finishing  the  set  of 
eight  holes,  the  average  time  consumed  is  from 
two,  to  two  and  a  half  hours.  This  work  is 
so  extensive  in  character  that  up  to  the  pres- 
ent time  nearly  two  years  have  been  devoted 
to  It.  and  before  its  completion  there  is  a 
possibility  of  operations  being  continued  for 
another  year.  The  drills  have  satisfactorily 
met  all  the  difficult  conditions  encountered  in 
this  subaqueous  excavation  and  are  being  em- 
ployed with  perfect  success  in  the  operations 
on  the  Clyde.  In  practically  every  submarine 
undertaking  of  any  importance,  embracing  the 
pioneer  work  in  New  York  Harbor,  dozens  of 
United  States  Governmental  undertakings,  in 
the  Iron  Gates  of  the  Danube  and  Prussia, 
Portsmouth,  England.  Panama  Canal.  Havana 
Harbor,  Cuba.  Boston,  and  many  great  works 
in  the  Great  Lakes  and  other  undertakings, 
both  Governmental  and  private,  in  all  parts  of 
the  world,  these  rock  drills  have  been  used, 
and  thus  is  added  to  the  already  long  list  an- 
other undertaking  of  considerable  importance. 

COMPRESSED  AIR  IN  THE  LONG 
ISLAND  CITY  POWER  STATION 

i  lu-  IVnii^yi\ani;i.  .\\u  ^'..|•k  \  l."ii!.;  I -land 
Railroad  Co.  have  just  completed  a  large 
power  house  at  Long  Island  City,  in  which 
compressed  air  has  been  installed  very  extens- 
ively for  cleaning  and  other  purposes.  .Air  is 
supplied  by  two  Westinghouse  motor-driven 
compressors,  operating  on  a  220  volt  electric 
current.  Each  compressor  has  a  capacity  of 
50  cu.  ft.  of  free  air  per  minute  delivered  at 
100  lb.  pressure,  and  is  controlled  automatic- 
ally by  a  pump  governor.  The  compressed 
air  is  used  for  cleaning  the  main  and  au.xiliary 
generators,  switchboard  apparatus  and  elec- 
trical accessories,  and  .aNo  in  connection  with 
the  oiling  system  for  forcing  new  cylinder  oil 
and  new  crank  case  oil  into  the  storage  tanks 
from  which  these  oils  arc  delivered  to  the  oil- 
ing system.  It  is  also  used  for  an  air  hoist 
for  handling  oil  barrels  and  emptying  them 
into  the  receiving  tanks.  The  pressure  usually 
carried  on  this  system  is  8o  lb.  gage. 
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COMPRESSED    AIR    PUMP    WITH 
WATER-HEATED  REHEATER.* 


BY  L.   C.   BAYLES. 


A  simple  and  economical  improvement  was 
made  at  the  Gwen  mine.  Calaveras  county,  Cal- 
ifornia. It  was  necessary  to  lift  200  gal.  of 
water  per  minute  to  a  height  of  600  ft.  At  first 
this  water  was  raised  with  a  direct-acting 
sinking  pump.     The  compressed  air  was   fur- 


its  place,  along  with  a  Wainwright  feed-water 
heater.  This  feed-water  heater  was  placed  in 
the  suction  pipe  of  the  pump,  so  that  all  the 
water  passed  through  it  before  reaching  the 
pump.  The  supply  of  compressed  air  w-as  first 
led  into  the  high-pressure  cylinder,  where  it 
did  a  certain  amount  of  work,  and  then  passed 
into  the  shell  of  the  heater  at  about  35  lb. 
pressure.  Having  been  allowed  to  perform  a 
certain  amount  of  expansive  work  in  the  high- 
pressure  cylinder,  the  temperature  of  the  air 
entering  the  feed-water  heater  was  reduced  to 


FEtU  WATER  HEATER  USED  AS  AIR  RE-HEATER. 

ow   point — in   fact,   the  temperature  of  this 


nished  by  a  separate  compressor  which  only 
supplied  this  pump  and  a  hoist.  It  was  found 
that  when  the  pump  was  shut  down  the  com- 
pres.sor  was  obliged  to  make  20  r.p.m.  to  oper- 
ate the  hotst  and  overcome  pipe  leakage. 

With  the  pump  in  operation  the  speed  of  the 
compressor  was  55  r.p.m.,  establishing  the  fact 
that  the  pump  consumed  the  air  compressed 
hy  35  r.p.m.  of  the  compressor.  It  was  not 
considered  advisable  to  install  a  rc-heater  of 
any  of  the  standard  types,  but  the  engineer  de- 
vised a  simple  mctliod  of  obtaining  practically 
as  good  results  without  the  costs  involved  in 
firing  a  re-heater. 

The  sinking  pump  was  discarded  and  a  di- 
rect-acting  compound   pump   was    installed    in 

♦From  the  Engineering  and  Mining  Journal. 


air  was  below  freezing  point.  As  the  air 
passed  through  the  feed-water  heater,  its 
temperature  was  brought  up  to  that  of  the 
water,  which  was  about  70  deg.  The  air  then 
entered  the  low-pressure  cylinder,  where  it 
again  performed  some  expansive  work  before 
escaping  into  the  atmosphere.  The  slight  fall 
in  the  temperature  of  the  water  being  pumped 
was  of  no  account.  It  was  found  that  when 
this  pump  was  put  at  work,  the  compressor 
was  able  to  supply  both  the  hoist  and  the  pump 
when  making  only  35  r.p.m.  In  other  words, 
the  single-cylinder  pump  used  130  per  cent, 
more  air  than  the  compound  pump  and  the 
feed-water  heater. 

The    amount    of    compressed     air     required 
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could  have  been  still  further  reduced  if  a 
pump  of  the  fly-wheel  type  had  been  especially 
designed  for  this  case,  with  water- jacketed 
cylinders  and  discharge  pipes,  in  which  case 
the  expansion  could  have  been  carried  much 
further  without  danger  of  freezing.  It  goes 
without  saying  that  the  installation  of  a  heat- 
er, which  would  have  brought  the  temperature 
of  the  air  up  to  350  deg.  before  it  entered  eith- 
er cylinder,  would  have  reduced  the  amount  of 
air  the  compressor  had  to  supply  for  this  pump 


enough  to  make  compressed  air  the  most  de- 
sirable motive  power  for  the  majority  of  un- 
derground pumps. 


CLEANING    THE    HIPPRODROME 

BY  VACUUM    PROCESS 

The  accompanying  illustration  shows  the 
wagons  of  the  Vacuum  Cleaner  Company  up- 
on the  stage  of  the  New  York  Hippidrome.  This 


to  one-third  of  the  quantity  required  for  the 
single-cylinder  pump  using  cold  air.  The 
cost  of  installing  a  pump  and  heater,  such  as 
just  described,  would  not  exceed  the  cost  of 
a  single-cylinder  pump  by  more  than  about  50 
per  cent.,  which  difference  would  be  more  than 
saved  in  the  lirst  two  months. 

I  believe  that,  while  not  showing  anything 
like  as  high  efficiency  in  test  runs  as  where 
reheaters  are  used,  which  bring  the  tempera- 
ture up  to  between  300  and  400  deg.,  this 
method  of  using  compressed  air  will  be  found 
the  most  satisfactory  for  general  underground 
pumping,  especially  in  cases  where  small 
pumps    are    required,    and    that    it    is    efficient 


great  playhouse  is  cleaned  at  regular  intervals 
by  the  vacuum  system,  which  is  probably  the 
most  sanitary  method  of  extracting  dust  from 
carpets,  cushions,  floors,  walls,  etc..  without 
disseminating  it  in  the  air.  ihe  Hippodrome, 
however,  is  not  the  only  theatre  which  has 
adopted  this  method  of  cleaning,  as  many  of 
the  leading  theatres  in  New  York  City  and 
elsewhere  throughout  the  country  have  either 
installed  a  permanent  plant  of  the  vacuum 
type  or  else  use  the  portable  wagon  system  at 
regular  intervals.  The  vacuum  system  is  con- 
trolled bv  the  Vacuum  Cleaner  Co.,  of  .Vew 
York,  who  have  established  branch  offices 
in  many  of  the  large  cities  of  the  country. 


4074 


COMPRESSED     AIR. 


HOOK    AND    LADDER   OPERATED 
BY  COMPRESSED  AIR. 

There  has  recently  been  tested  in  Xew  Bed- 
ford, ^Mass..  a  compressed  air  device  for  rais- 
ing ladders  on  hook  and  ladder  trucks. 

The  illustration  shows  the  general  appear- 
ance of  this  device,  which  consists  of  two 
brass  cylinders  mounted  vertically  upon  the 
turntable  of  the  hook  and  ladder  truck.     Pis- 


ladder  from  its  bed  to  an  upright  position  as 
fast  as  is  consistent  with  safet}-;  in  fact,  the 
ladder  has  been  raised  in  five  seconds,  but  it 
is  not  considered  advisable  to  raise  a  ladder, 
75  feet  or  over  in  height,  in  less  than  seven 
seconds.  One  charge  of  compressed  air  is 
sufficient  to  raise  and  lower  the  ladder  at 
least  ten  times.  The  device  is  manufactured 
by  the  Pneumatic  Aerial  Appliance  Co.,  of 
New  Bedford,  ]\Iass. 


tons,  operating  in  these  cylinders,  are  con- 
nected by  rods  to  the  side  bars  of  the  ladder. 
Air  is  stored  in  a  tank  under  300  lbs.  pressure, 
and  is  passed  through  an  intermediate  com- 
partment filled  with  non-freezing  fluid  before 
being  led  to  the  operating  cylinders.  An  auto- 
matic cut-off  valve  shuts  off  the  supply  of  air 
as  soon  as  the  ladder  reaches  a  perpendicular 
position.  The  whole  operation  is  -under  the 
control  of  one  person  who  manipulates  the 
throttle  valve,  by-pass  and  exhaust  valves. 

This  device  may  be  applied  to  almost  any 
hook  and  ladder  truck,  but  is  especially 
adapted  to  the  type  known  as  the  "Hayes"' 
truck.  It  is  said  to  be  simple,  safe  and  easy 
of  operation,  one  man  being  able  to  raise  the 


AN    ALIBI     FOR     AN     AIR     COM- 
PRESSOR. 

BY       FK.\NK     RICH.\RDS. 

Two  or  three  months  ago,  at  a  structural 
iron  works  at  136th  street  and  Madison  ave- 
nue, Xew  York,  there  was  an  explosion  in  the 
night,  followed  by  a  fire  which  destroyed  the 
entire  building.  As  an  explosion  has  occa- 
sionally occurred  in  connection  with  an  air 
compressor,  when  driven  hard  without  proper 
cooling  arrangements,  it  was  suggested  that 
the  compressor  was  the  cause  of  the  trouble 
in  this  case.  A  little  investigation  showed  the 
absurdity  of  the  charge  and  established  a  com- 
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plete  alibi  for  the  compressor.  The  com- 
pressor was  not  there  at  the  time.  That  is. 
it  was  not  there  as  a  compressor,  for  it  was 
not  in  operation.  Besides  that  the  part  of  the 
compressor  which  couid  l)y  any  possil)ility 
have  exploded,  the  air  cylinder,  was  entirely 
intact  and  uninjured. 

The  snap-shot  half-tone  tells  the  whole 
story.  The  compressor,  which  was  a  small 
one  with  an  electric  motor  and  a  belt  drive, 
was    located    near    a    wall,    and    between    the 


AN     INDUSTRIAL      COMPRESSED 
AIR  RAILWAY/' 

COMPRE.SSED  .\IR  LOCOMOTIVES  IN'  THE  .\N.\CONDA 
COPPER  MINING  CO.MPANY's  NEW  REDUCTION 
WORKS    AT    ANACONDA,    MONTANA,    U.    S.    A. 

In  May,  1905,  the  writer  became  indebted  to 
Mr.  E.  P.  Matthewson,  manager  of  the  Ana- 
conda Copper  Mining  Company's  new  reduc- 
tion works,  for  opportunities  offered  to  study 
their   rather   novel    compressed   air   system    of 


wall  and  the  compressor  a  charge  of  dynamite 
had  been  exploded,  shattering  practically 
every  part  of  the  compressor  except  the  cylin- 
der, which  projected  at  the  back  of  the  ma- 
chine and  was  out  of  the  field  of  action.  In 
the  picture  the  air  cylinder  is  in  the  left  hand 
background,  close  under  the  air  receiver,  and 
the  rim  of  one  of  the  wheels  leans  against  the 
wall.  The  base  of  the  frame  is  shown  still 
bolted  to  the  timbers. 


Dr.  Walter  T.  Scheele,  consulting  chemist 
of  Baltimore,  has  been  granted  a  patent  upon 
his  process  of  preserving  with  liquid  air.  '1  his 
is  said  to  be  the  first  patent  ever  granted  in 
this  country  or  abroad  for  the  commercial  ap- 
pliance of  liquid  air. 

A  corporation  will  be  formed  to  develop  the 
patent  and  eight  others  now  before  the  United 
States  Commissioner.  Mr.  William  J.  Hooper, 
of  Baltimore,  is  the  promoter.  Baltimore  and 
New  York  capitalists  are  interested. 


transportation.  Compressed  air  locomotives 
are  used  at  these  works  more  extensively  and 
continuously  than  at  any  other  mine  or  works 
in  the  world.  The  Anaconda  reduction  works 
are  operated  twenty-four  hours  per  day,  and 
seven  days  in  the  week. 

The  company  works  eleven  or  twelve  com- 
pressed air  locomotives  for  sixteen  hours  each 
day,  and  nine  for  the  remaining  eight  hours. 
It  owns  thirteen  locomotives,  as  under  the  con- 
ditions practically  continuous  work  is  essential, 
and  a  spare  locomotive  is  required  in  order 
that  necessary  repairs  may  be  made.  Twelve 
of  these  locomotives  weigh  26.000  pounds 
each,  have  cylinders  Q'/j  inches  in  diameter  by 
14-inch  stroke ;  driving  wheels  28  inches  in 
diameter;  a  rigid  wheelbase  of  54  inches;  main 
storage  tanks  of  132  cubic  feet  capacity;  trac- 
tive force  5.700  pounds.     The  remaining  loco- 

«By  C.  B.  Hoiiges,  In  Caasier'B  Magazine. 
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motive  weighs  42,000  pounds,  has  cylinders  12 
inches  in  diameter  by  18  inches  stroke;  driving 
wheels  36  inches  in  diameter;  a  rigid  wheel- 
base  of  60  inches;  rriain  storage  tanks  of  218 
cubic  feet  capacity;  tractive  force  9,180  pounds. 

The  main  storage  tanks  are  charged,  at  in- 
tervals of  from  twenty  minutes  to  one  hour, 
with  air  at  a  pressure  of  from  700  to  800 
pounds  per  square  inch,  which  is  then  reduced 
to  a  pressure  of  about  150  pounds  for  use  in 
the  cj'linders  of  the  locomotives.  When  the 
pressure  in  the  main  storage  tanks,  as  shown 
by  a  gauge  facing  the  engineer,  has  dropped 
to  a  point  near  150  pounds  per  square  inch, 
the  locomotive  is  stopped  at  the  next  chargmg 
station  and  recharged,  this  operation  of  re- 
charging taking  from  one  to  two  minutes. 

The  machinery  on  these  locomotives  is  in 
most  respects  the  same  as  would  be  employed 
on  a  steam  locomotive  of  the  same  size,  the 
chief  difference  being  that  the  cjlinders  are 
ribbed,  in  order  that  they  may  the  more  rapid- 
ly absorb  heat  from  the  atmosphere,  instead 
of  being  lagged  to  prevent  the  loss  of  heat,  as 
in  the  case  with  steam  locomotives.  The  com- 
pressed air  goes  into  the  main  storage  tanks 
on  the  locomotives  at  atmospheric  temperature, 
and  falls  to  a  temperature  far  below  that  of 
the  atmosphere  during  the  expansion  in 
the  cylinders.  This  feature  has  an  important 
bearing  upon  the  relative  efficiencies  of  the 
three  great  powers — steam,  electricity^  and 
compressed  air,  under  certain  conditions. 

An  electric  motor  is  an  inefficient  machine 
while  coming  up  to  normal  speed ;  a  steam  en- 
gine is  inefficient  until  the  walls  of  the  cyl- 
inders are  thoroughly  heated ;  but  a  com- 
pressed air  engine  is  most  efficient,  ther- 
modynamically,  with  the  first  movement  of  the 
piston,  because  the  walls  of  the  cylinders  are 
then  at  their  highest  temperature.  This  fact 
would  point  to  the  use  of  compressed  air  loco- 
motives wherever  stops  and  starts  are  to  occui 
with  great  frequency.  The  main  storage  tanks 
on  the  air  locomotives  replace  the  boiler,  and 
need  but  little  description.  They  are  excep- 
tionally good  pieces  of  work,  having  required 
no  repairs  during  four  years  of  service ;  they 
are  to-day  practically  bottle-tight.  The  loco- 
motives stand  for  hours  without  perceptible 
loss  of  pressure. 

The  regulating  valves  on  the  locomotives  de- 
serve special  attention.  To  make  the  loco- 
motives   successful,    this    piece    of    apparatus 


must  at  all  times  maintain,  with  the  minimum 
amount  of  attention,  a  practically  uniform 
pressure  in  the  small  auxiliary  reservoir  lo- 
cated between  the  regulating  valve  and  the 
throttle  valve,  and  be  absolutely  tight  when  the 
locomotive  is  at  rest.  How  well  the  regulat- 
ing valves  on  these  locomotives  perform  is 
evident  to  anyone  who  rides  on  them.  The 
gauge-hand  that  indicates  the  pressure  in  the 
auxiliary  reservoir  is  apparently  glued  to  the 
150-pound  mark  on  the  gauge  while  the  loco- 
motive is  in  motion,  and  it  seldom  rises  above 
175  pounds  while  the  locomotive  is  at  rest. 

The  compressed  air  required  by  the  loco- 
motives is  furnished  by  two  compressors,  hav- 
ing cross-compound  steam  cylinders  equipped 
with  Corliss  valve-gear,  and  four-stage  air 
CN-linders.  The  compressors  are  duplicates. 
The  high-pressure  steam  cylinder  is  20  inches, 
and  the  low-pressure  steam  cylinder,  40  inches 
in  diameter;  all  air  cylinders  are  single-acting; 
the  intake  air  cylinder  is  37^4  inches  in  diam- 
eter, first  intermediate  cylinder  20^  inches, 
second  intermediate  cylinder  123/2  inches,  high- 
pressure  cylinder  6  inches,  and  the  common 
stroke  is  48  inches.  The  intake  and  first  inter- 
mediate cylinders  are  placed  behind  one  steam 
cylinder;  the  second  intermediate  and  high- 
pressure  cylinders  behind  the  other.  All  the 
air  cylinders  are  water-jacketed,  and  inter- 
coolers  are  provided  for  cooling  the  air  after 
each  stage  of  compression. 

The  compressors  are  equipped  with  auto- 
matic speed  and  pressure  governors,  and  an 
examination  of  the  sheets  taken  from  the  re- 
cording gauge  shows  that  the  regulation  of 
pressure  is  absolutely  perfect.  They  are  oper- 
ated with  steam  at  150  pounds  pressure  and 
with  a  vacuum  of  17  inches  in  the  condenser, 
perfect  vacuum  at  the  elevation  being  24 
inches.  The  rated  speed  is  70  revolutions  per 
minute ;  the  horse-power  developed  per  revo- 
lution. S/  :  the  steam  consumption  per  horse- 
power-hour wlion  operating  at  a  speed  of  55 
revolutions  per  minute,  18.67  pounds.  The 
company  intends  to  improve  the  vacuum  in  the 
near  future,  which  will  undoubtedly  result  in 
a  lower  steam  consumption. 

The  remainder  of  the  haulage  equipment 
consists  of  a  system  of  piping  varying  in  size 
from  2  to  6  inches..  This  serves  two  purposes: 
First,  it  connects  the  compressors  with  the 
various  charging  stations ;  second,  it  provides 
a  reservoir  containing  a  reserve  supply  of  com- 
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pressed  air  at  a  pressure  in  excess  of  that  re- 
quired by  the  locomotives,  and  sufficient  to 
charge  one  or  two  locomotives  instantaneously. 
Although  this  pipe  line  sustains  a  pressure  of 
950  pounds  per  square  inch  and  consists  of 
several  thousand  feet  of  pipe  of  various  sizes, 
with  many  branches,  valves,  and  charging  sta- 
tion connections,  leaks  are  extremeh-  rare  and 


the  locomotives,  in  doing  their  varied  work, 
pass  from  the  bottom  of  one  building  to  the 
top  of  another,  under  the  dripping  bins  from 
which  the  concentrates  are  drawn,  and  over, 
under  and  around  the  furnaces,  in  an  atmos- 
phere of  heat,  dust  and  sulphurous  acid,  with 
sharp  curves,  steep  grades,  and  loads  that  tax 
their  capacity  to  the  extreme  limit. 


PERFORMANCE  OF  COMPRESSED  .\IR  LOCOMOTIVES 


"£c                            MATERIAL  ^s 

■o  S  :;  o 

3  o  so 

1    Coarse  concentrates,   first-class  ore, 

converter  lininjr  and  lime  rock 1200. 

1     Fine  concentrates 1746.54 

1  Coal 360. 

2  Calcines 14.50. 

1    Hot  metal 731.42 

3  Coarse  concentrates,  flue-dust,  fii-st- 

class  ore,  clay  and  lime  rock 3600. 

1    Miscellaneous 1400 . 

1    Miscellaneous 950. 

Total 11,437.90 


7. .500 

(;.400 

f..200 

6.500 

23,200 


4,200 


32.000 
6,400 


i  i  H 


16.666 
18.192 
6,.545 
10.175 
19,.505 


4,286 


53,000 
9.0(X) 


12 

6 
6  or  7 

3 

1  or  2 

seldom  3 

2  trains 
16  cars 
1  train 
20  cars 
1  or  2 
1  to  20 


M.\TERIAL 


Grade 


Course  concentrates,  flrst-class  ore, 
converter  lining  and  lime  rock 2^  F.  L. 


1    Fine  concentrates 1^  A.  L.  t 


6 
10  or  11 
5  or  0 

32 
13  to  15 


See 
Note 


Coal 

Calcines  ... 
Hot  metal. 


Level 
Level 
Level 


Upper  part         Stock  bins 

concentrator 
Lower  part         Roaster  liuilding 

concentrator 
Stock  bins  Reverberatory  f\irnai'es 

Roaster  Reverberatory  furnaces 

Reverberatory  Converter 
and  blast  fur- 
naces 


Coarse  concentrates,  flue  dust,  flrst- 
class  ore,  clay  and  lime  rock  Level  and    Stock  bins  and  Blast  furnaces  C 

21/25  A.  L  t    brick  plant 

Miscellaneous "  Between  all  points D 

Miscellaneous Between  ail  points D 


7.000 
2,000 

3.400 
1.500 
1,800 


1,G00 


1.000 
1,000 


Ton-Miles  Ex- 
clusive of 
Locomotives 
Net       Gross 


2,120 

662 

282 
412 

207 


4.027 

1.127 

671 
9:18 
6H4 


1,090         3.225 


267 
140 


581 
:i40 


Total 5.170       11,593 


NOTE  A.— A  42.000-pound  locomotive.     This  locomotive  also  shifts  5  iir  •",  stnmlard  rallmnd  cars  p<'r  day.  and 
also  one  large  wood  car  per  day,  fi|Mjvalenl  to  about  2  more  rfiund  trips  per  sliift. 

Note  B.— Each  round  triji  "im.-lurles  trip  through  Y  for  cleaning  ladli-  and  tlir'-e  wflghings. 

Note  C— Each  round  trip  includes  side  trips  to  variou.s  lo<.'ations  under  stock  bins  ami  to  brick  plant,  then 
to  blast  furnaces. 

Note  D.  — Miscellaneous  shifting  of  standard  railroad  cars  and  plant  cars,  liandh-d  by  both  kM-oniotlveH.  This 
work  is  roughly  estimated. 

*In  favor  of  loads.  +\gainst  loads. 


it  requires  a  rather  tedious  search  to  discover 
one.  The  losses  due  to  this  cause  must  be 
small  indeed,  as  a  leak  of  any  importance  is 
readily  heard  by  any  person  within  a  radius 
of  10  feet. 

The  compressed  air  locomotives  are  operated 
over  about  18  miles  of  standard  gauge  track 
laid  with  60-pound  rails,  located  inside  of  an 
irregular  area  about  half  a  mile  square.  The 
reduction  works  are  located  on  a  side  hill,  and 


Outside  the  I)uil<luigs  tlic  luconidtivcs  are 
subjected  to  extremes  of  weather.  At  an  ele- 
vation of  5,000  feet  above  sea  level,  at  Ana- 
conda, Mont.,  the  range  of  temperature  is 
from  95  degrees  above  zero  to  35  degrees  be- 
low, with  heavy  snows  and  high  winds.  Under 
these  conditions  the  records  of  the  company 
show  that  the  compressed  air  locomotives, 
during  the  months  of  January,  February  and 
Marcli,  1905.  lost  5>:i  hours  for  one  locomotive 
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out  of  a  total  of  23.320  locomotive-hours,  dis- 
tributed among  thirteen  locomotives.  These 
records  show  all  delays  chargeable  to  failures 
of  the  transportation  system  and  are  kept  with 
great  exactness. 

The  new  reduction  works  were  first  oper- 
ated in  February,  1902.  The  locomotives  in 
question  have  been  the  only  means  of  internal 
transportation  since  the  first  pound  of  copper 
was  produced,  and  the  nine  original  locomo- 
tives, purchased  in  November,  1900,  which 
were  used  during  construction,  are  still  in  ser- 
vice and  apparently  as  good  as  new,  except 
for  the  necessity  for  regular  running  repairs. 
The  tabulated  data  on  page  4077  give  a  rough 
idea  of  the  work  which  is  being  performed. 

It  should  be  understood  in  reviewing  the 
table  that  it  does  not  by  any  means  represent 
all  the  work  done  by  the  locomotives.  The 
first  omission  is  the  movement  of  the  locomo- 
tives themselves,  both  when  hauling  trains  and 
when  running  light  from  point  to  point ;  sec- 
ond, the  endless  "spotting"  and  shifting  that 
is  necessary  in  order  to  weigh,  load  and  unload 
the  material  hauled.  For  example,  in  the  case 
of  the  locomotive  hauling  hot  metal,  the  cars 
or  ladles  must  be  "spotted"  for  weighing  three 
times  on  each  round  trip,  in  addition  to  three 
other  stops- — two  for  loading  and  unloading, 
and  the  third  for  cleaning  the  ladle,  this  latter 
operation  being  performed  on  a  spur  leading 
off  a  Y. 

In  the  case  of  the  three  locomotives  hauling 
coarse  concentrates,  first-class  ore,  flue  dust, 
slag,  and  limestone  from  the  stock  bins  and 
brick  plant  to  the  blast  furnaces,  each  carload 
must  contain  its  proper  proportion  of  each  of 
the  various  ingredients,  and  each  car  must 
be  "spotted"  under  the  proper  chute  and 
weighed  after  each  class  of  material  is  put 
in.  At  the  other  end,  the  train  of  from  six- 
teen to  twenty  cars  is  moved  back  and  forth 
eight  or  ten  times  in  placing  the  various  cars 
so  that  they  can  be  unloaded  in  the  proper 
place,  in  the  proper  furnace.  Even  the  easiest 
runs  involve  at  least  two  weighings  of  the 
train — one  loaded  and  the  other  empty — and 
several  shifts  to  place  the  cars  at  the  proper 
points  for  loading  and  unloading.  All  this  is 
necessary  in  order  that  the  efficiency  of  the 
various  operations  may  be  traced  at  all  times. 

Samples  of  crude  ore,  concentrates,  calcines, 
slags,  flue  dust  and  the  metallic  product  of  the 
blast  and  reverberatory  furnaces,  together  with 


the  I)iack  copper  from  the  converter,  are  taken 
daily  and  analyzed.  This  combination  of  sys- 
tematic weighing  of  all  materials  after  every 
process,  with  daily  sampling  and  analyses,  en- 
ables the  management  to  detect  and  stop 
promptly  any  unusual  losses  in  the  process. 

To  do  this  work,  locomotives  were  required 
that  were  self-contained,  reliable,  powerful, 
smokeless,  compact  and  simple  in  operation. 
With  steam  locomotives  the  smoke  and  steam 
in  the  tunnels  under  the  bins  and  furnaces 
would  have  made  it  almost  impossible  for  the 
locomotive  runner  to  see  the  signals.  Electric 
locomotives  would  have  required  trolley  wires 
or  a  third  rail,  either  of  which  would  have  in- 
troduced serious  difficulties  in  many  loca- 
tions too  obvious  to  require  explanation.  Stor- 
age battery  electric  locomotives  might  have 
been  used,  but  they  are  not  adapted  to  severe 
and  continuous  service,  and  require  too  long  a 
time  for  recharging  the  batteries  or  changing 
the  cells. 

When  the  reduction  works  were  built  the 
engineers  in  charge  decided  in  favor  of  com- 
pressed air  locomotives  as  the  best  solution  of 
the  transportation  problem.  Their  successors 
who  now  operate  the  plant  apparently  agree 
with  them,  as  they  have  purchased  additional 
compressed  air  locomotives,  and  have  extended 
the  system  to  cover  movements  of  materials 
which  the  constructing  engineers  did  not  con- 
sider in  connection  with  the  original  design. 
The  writer  heard  but  little  criticism  and  much 
commendation.  The  general  opinion  of  the 
operating  force  is  thus  summarized :  Under 
their  conditions,  compressed  air  locomotives 
are  tmsurpassed  for  convenience,  reliability, 
and  simplicity  of  operation. 

Taking  up  the  question  of  economy,  the 
labor  cost  of  operating  the  system  is  as  low 
or  lower  than  it  would  be  \dth  any  other  sys- 
tem. With  them  the  cost  of  power  is  also 
extremely  low.  as  the  steam  is  generated  by 
waste  heat  from  the  reverberatory  furnaces; 
but  as  the  question  of  steam  economy  is  of 
considerable  interest  under  other  conditions, 
and  as  an  absolute  determination  was  impos- 
sible under  the  circumstances,  the  writer  will 
attempt  a  few  comparisons,  trusting  that  they 
may  be  found  of  interest. 

During  the  month  of  April  the  two  com- 
pressors were  operated  continuously  twenty- 
four  hours  a  day,  one  at  an  average  speed  of 
38.8  revolutions  per  minute;  the  other  at  44.1 
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revolutions  per  minute.  Under  these  condi- 
tions the  total  power  developed  would  be  721 
horse-power  for  both  compressors,  or  an  aver- 
age of  about  66  horse-power  for  each  loco- 
motive in  operation.  Ten  out  of  the  eleven 
locomotives  in  operation  will  develop  5,700 
pounds  tractive  force;  the  remaining  locomo- 
tive will  develop  9,180  pounds.  The  speed  is 
limited  to  5  miles  per  hour. 

Each  one  of  the  smaller  locomotives  would 
therefore  be  developing 

5700  X  5280  X  5 

=  76 

60  X  33000 
horse-power  at  times ;  the  large  one 
9180  X  5280  X  5 

=  122 

60  X  33000 
horse-power,   giving   a   total   of   76X10^760, 
added  to  122^882  horse-power. 

The  approximate  kilowatt  input  of  an  elec- 
tric locomotive  of  the  same  weight  as  the 
smaller  type  of  compressed  air  locomotive 
would  be  95,  and  for  the  larger  size  150; 
total,  95X10  =  950;  150X1  =  150;  950X150 
=  HOC  kilowatts. 

If  we  assume  that  not  more  than  one-half 
of  the  total  rated  capacity  of  the  locomotives, 
to  which  must  be  added  5  per  cent.,  we  have 
550  kilowatts,  or  550X1.34^737  electrical 
horse-power  at  the  locomotives,  to  which  must 
be  added  5  per  cent,  for  line  losses,  5  per  cent, 
for  dynamo  losses,  and  about  7  per  cent,  for 
the  friction  of  the  engine;  "JZl  ^  1.17  =  862  for 
the  indicated  horse-power  of  the  engine  driv- 
ing the  dynamo  to  operate  the  same  number 
and  weight  of  electric  locomotives,  with  occa- 
sional overloads  and  the  extreme  fluctuations 
incident  to  the  operation  of  electric  locomo- 
tives. It  does  not  seem,  therefore,  as  though 
electric  locomotives  under  the  same  conditions 
would  be  much  more  economical  of  steam. 

As  compared  with  steam  locomotives,  in 
order  to  make  an  intelligent  comparison  we 
must  go  back  to  the  coal  pile,  even  though  the 
steam  necessary  to  operate  the  compressed  air 
locomotives  at  the  reduction  works  is  ol)- 
tained  from  boilers  that  are  run  by  waste  heat. 

The  two  compressors,  under  normal  condi- 
tions, required  323,100  pounds  of  steam  per 
day  of  twenty-four  hours.  By  referring  to 
the  table  on  page  4077  we  see  that  there  are 
thirty-one  eight-hour  locomotive  shifts  in  each 
day  of  twenty-four  hours.     Assuming,  for  the 


sake  01  comparison,  an  evaporation  of  "/Yi 
pounds  of  water  per  pound  of  coal,  we  find 
that  to  furnish  steam  for  the  compressors, 
43,oSo  pounds  of  fair  coal  would  be  required, 
or,  say,  1,400  pounds  of  coal  per  compressed 
air  locomotive  shift.  The  writer  has  in  his 
possession  reports  on  the  performance  of 
twelve  steam  locomotives,  having  cylinders  g 
inches  in  diameter  by  14  inches  stroke,  which 
used  from  760  to  2,400  pounds  of  coal  per  day 
of  ten  hours,  averaging  about  1,340  pounds. 

Assuming  that  steam  locomotives  at  the  re- 
duction works  would  use  approximately  the 
same  quantity  of  fuel  per  hour,  we  have  1,072 
pounds  for  the  small  locomotives  per  shift, 
and  1,500  pounds  for  the  large  one,  giving  a 
total  of  1,072X29  =  31,088,  1,500  X  :a=  3,000, 
31,088-1-3,000  =  34,088,  or,  say,  17  tons  of  coal 
for  the  steam  locomotives  doing  the  same 
work,  as  against  21^  tons  for  the  compressed 
air  locomotives. 

These  calculations  are,  of  course,  nothing 
more  than  crude  approximations,  and  are  pre- 
sented only  as  indicating  that  anj'  change 
which  might  be  effected  in  the  cost  of  steam 
to  operate  the  transportation  system  by  sub- 
stituting another  form  of  motive  power  would 
be  of  minor  importance  when  considered  in 
connection  with  other  e.xpenses  and  the  other 
desirable  qualities  of  the  existing  system. 

The  cost  of  maintenance  must  certainly  be 
less  than  with  steam  locomotives  by  about  the 
amount  necessary  to  wash  out  and  keep  in  re- 
pair thirteen  small  locomotive  boilers,  as  the 
cost  of  keeping  the  main  storage  tanks  on  the 
compressed  air  locomotives  in  repair  has  been 
nothing.  The  remainder  of  the  machinery  of 
the  compressed  air  locomotives  being  so  nearly 
the  same  as  that  of  the  steam  locomotive, 
there  is  no  reason  why  there  should  be  any 
difference  in  the  cost  of  maintenance.  The 
writer  is  of  the  opinion  that  the  repairing  of 
saddle  tanks  and  the  renewing  of  grate  bars 
on  steam  locomotives  would  about  balance  any 
expenditure  for  maintenance  of  a  stationary 
plant,  including  the  boilers. 

In  comparing  the  cost  of  maintenance  with 
electric  locomotives  no  such  direct  deductions 
are  possible.  The  machinery  is  radically  dif- 
ferent, and  the  friends  of  hoth  systems  claim 
superiority  in  this  respect  for  their  favorites. 
With  the  electric  locomotives,  dust  and  dirt 
are  more  easily  kept  away  from  the  wearing 
parts:  but  the  same  casing  that  keeps  out  the 
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dust  prevents  the  free  circulation  of  air  around 
the  armature  and  commutator,  and  renders 
them  more  liable  to  injury  from  overheating. 
So  little  reliable  data  is  to  be  had  that  it  is  all 
a  matter  of  opinion.  Figures  have  been  pub- 
lished showing  that  compressed  air  locomo- 
tives are  more  economical  to  maintai-n  than 
are  electric  locomotives,  but  there  are  no  de- 
tailed and  reliable  figures  to  show  electric 
locomotives  more  economical  than  compressed 
air  locomotives. 

One  set  of  figures,  however,  does  not  settle 
the  matter.  Probably  local  conditions  and  de- 
signs have  more  to  do  wnth  the  relative  cost 
of  maintenance  than  any  inherent  qualities  of 
the  two  systems.  Compressed  air  locomotives 
have~"this  advantage :  Charge  after  charge  of 
air  may  be  used  in  quick  succession,  with  the 
locomotive  working  at  all  times  at  full  ca- 
pacity without  injur}-.  This  is  not  true  of  elec- 
tric locomotives.  The  electric  motors  which 
drive  the  locomotives  are  so  designed  that  they 
can  be  run  for  one  hour  at  rated  draw-bar  pull 
and  speed  without  injurious  heating,  provided 
the  motors  are  started  cold.  As  a  rule,  this 
provision  is  sufficient,  but  occasionally  it  is 
not,  and  a  burnout  occurs. 

The  problem  of  internal  transportation  in 
many  large  establishments  is  a  serious  one, 
and  during  the  writer's  stay  at  Anaconda  the 
many  advantages  of  compressed  air  locomo- 
tives for  such  service  were  so  manifest,  and 
the  evidence  that  their  development  had 
reached  a  stage  justifying  the  confidence  of 
engineers  and  business  men  was  so  conclusive, 
that  a  brief  account  of  what  was  being  accom- 
plished with  this  form  of  motive  power  seemed 
of  general  interest. 

Compressed  air  locomotives,  however,  have 
their  limitations.  They  are  not  intended  for 
long  continuous  runs  in  one  direction,  and 
their  efficiency  would  be  relatively  low  where 
starts  and  stops  were  infrequent ;  but  for  ser- 
vice conditions  similar  to  those  existing  at  the 
Anaconda  Copper  Mining  Company's  new  re- 
duction works  there  would  seem  to  be  a  wide 
field  of  usefulness,  more  especially  where 
waste  heat  from  heating  or  blast  furnaces,  or 
the  refuse  from  woodworking  establishments, 
or  water  power,  could  be  utilized  to  operate 
the  compressor,  thus  saving  the  fuel  necessary 
to  operate  steam  locomotives,  doing  away  with 
trolley  wires,  and  eliminating  all  risk  of  fire. 


AIR  COMPRESSOR    LUBRICATION 

Mines  a>id  Minerals  makes  the  following 
statement  in  regard  to  the  lubrication  of  air 
compressors  : 

"Excess  of  lubrication,  in  addition  to 
waste,  means  increased  accumulation  of 
combustible  matter,  increased  lodgment  of 
dust  and  increased  danger  of  accident.  Just 
as  little  lubricant  should  be  used  as  possible. 

"Two  lubricants  are  in  general  use  on  air 
compressor  cylinders,  a  mixture  of  soap  and 
water,  and  cylinder  oil.  Either  can  be  made 
to  do  the  work.  The  mixture  of  soap  and 
water  has  inferior  lubricating  properties  and 
must  be  used  in  quantities.  One  case  of  ex- 
plosion is  reported  where  soap  and  water  was 
used  almost  exclusively.  A  test  of  the  de- 
posit found  in  the  receiver  after  the  explosion 
showed  that  it  readily  ignited  at  400  degrees 
P.,  the  deposit  being  2  inc'nes  thick. 

"The  mixture  of  the  soap  and  water  was 
also  tested  in  a  laboratory  and  upon  being 
evaporated  down  to  a  'black  semi-solid  mass' 
ignited  at  500  degrees  F.  The  principal  com- 
bustible ingredient  in  the  deposit  was  coal 
dust. 

"This  case  is  sufficient  to  show  that  the  use 
of  soap  and  water  is  not  a  sure  preventive  of 
accidents.  In  fact,  it  goes  further  and  shows 
that  soap  and  water  may  not  be  as  good  as  oil, 
for  the  tests  showed  that  it  burned  readily 
when  dry,  and  in-as-much  as  more  of  it  would 
have  to  be  used  than  of  oil,  the  deposit  of  dust 
would  be  correspondingly  greater.  Neverthe- 
less, soap  and  water  may  be  used  to  good  ad- 
vantage and  provision  should  be  made  for  its 
introduction  into  the  cylinder  when  neces- 
sary " 

e.?*       e.?*       KJ^ 


FRANXIS  FOX  states  that  the  length  of  the 
Simplon  tunnel,  which  is  12I/2  miles,  is 
greater  than  was  planned  by  31  inches. 
The  levels  of  the  two  galleries  were  within  3I/2 
inches  of  one  another.  The  axis  of  the  tunnel, 
driven  from  the  north  end,  deviated  4^/3  inches 
toward  the  west,  while  the  line  driven  from  the 
south  end  deviated  sYs  inches  toward  the  east ; 
the  greatest  divergence  from  the  true  line.  3^ 
inches,  is  well  within  probable  error. — Engi- 
nccriiiz  and  Minitw  Journal. 
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AIR   LIFT    PROBLEMS. 

We  should  like  to  call  the  attention  of  our 
readers  to  the  inquiry  of  Mr.  William  Schock 
in  regard  to  his  air-lift  system,  which  \vc  print 
under  the  head  of  "Practical  Items  for  Prac- 
tical ^len."  in  this  issue  of  COMPRESSED 
AIR.  While  we  have  given  Mr.  Schock  what 
information  we  could  in  regard  to  his  prob- 
lem, we  should  like  to  hear  from  our  readers 
and  obtain  their  opinions  in  this  matter.  As 
far  as  we  can  detennine  nothing  has  been 
written  upon  .the  subject  of  carrying  water 
horizontally  in  air  lift  pumping  plants  and 
there  is,  therefore,  no  information  regarding 
the  effect  of  horizontal  piping  upon  the  capac- 
ity or  efficiency  of  the  system.  It  is  out  of  the 
question  to  look  to  the  manufacturers  of  air 
lift  pumping  systems  for  this  information  as 
it  is  against  their  policy  to  give  out  any  more 
data  than  they  can  help,  owing  to  the  fact  that 
the  gathering  of  such  data  has  been  of  great 
expense  to  them  and  they  do  not  wish  to  allow 
their  competitors  to  profit  by  it.  This  stand 
may  be  a  perfectly  correct  one  and  justified 
by  competition,  but  at  the  same  time  the  in- 
fonnation  is  of  considerable  value  and  offers 
an  e.xcellent  opportunity  for  original  research 
on  the  part  of  engineers  who  are  in  a  position 
to  make  the  necessary  tests.  It  also  offers  an 
original  subject  of  investigation  to  technical 
graduates  who  desire  to  break  away  from  the 
time-worn  theses  subjects  usually  adhered  to. 
If.  therefore,  any  of  our  subscribers  have  any 
information  on  this  subject,  they  will  be  con- 
ferring a  lasting  benefit  on  a  large  number 
of  the  readers  of  this  magazine  if  they  will 
make  their  knowledge  public. 


DENATURALIZED   ALCOHOL. 

There  .SCC111.-5  tu  ])C  a  liclier  chance  liu>  ye.ir 
than  ever  before  that  Congress  will  pass  the 
bill  removing  the  internal  revenue  tax  on 
denaturalized  alcohol  for  use  in  the  arts.  The 
House,  at  this  writing,  has  already  passed  the 
measure  and  the  Senate  will  show  an  im- 
measurable indifference  to  public  opinion  if  it 
fails  to  do  its  share  in  making  this  important 
bill   a  law. 

Denaturalized  alcohol  free  of  ta.\  will  com- 
pete most  successfully  with  kerosene  as  an 
ilhmiinant  and  with  gasolene  as  fuel.  In  Ger- 
many and  Great  Britain  denaturalized  alcohol 
ha-;    been    unta.xed    for    many    years,    and    has 
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been  used  in  enormous  quantities  for  various 
manufacturing  processes.  For  illuminating  it 
is  used  with  a  Welsbach  mantle  and  will  give 
1,4/1  candle-power  hours  per  gallon  burned, 
as  compared  with  783  candle-power  hours 
from  a  gallon  of  kerosene  burned  in  a  kero- 
sene lamp.  Tests  at  the  University  of  Brus- 
sels have  shown  that  alcohol  at  31  cents  per 
gallon  is  as  cheap  for  lighting  purposes  as 
kerosene  at  15  cents  per  gallon. 

For  use  in  motors,  alcohol  does  not  possess 
quite  so  great  an  advantage.  Its  efficiency  is 
substantially  the  same  for  this  purpose  as 
gasolene,  about  one  pint  per  horse-power  hour. 
While  alcohol  only  possesses  half  the  number 
of  heat  units  per  pound  that  gasolene  does, 
the  alcohol  vapor  can  be  compressed  to  a 
much  higher  degree  than  gasolene  without 
causing  premature  ignition,  and,  consequently. 
the  thermal  efficiency  of  the  alcohol  engine 
can  be  made  about  30  per  cent.,  as  compared 
with  21  per  cent,  to  22  per  cent,  for  the  gaso- 
lene engine.  The  exhaust  from  an  alcohol 
engine  contains  a  less  number  of  injurious 
gases  than  the  exhaust  from  gasolene  motors. 
and  it  has  been  proposed,  therefore,  to  build 
alcohol  locomotives  for  use  in  mines.  Even 
with  the  higher  efficiency,  however,  it  is  to 
be  doubted  whether  alcohol  will  compete  suc- 
cessfully with  gasolene  unless  its  cost  can  be 
materially  reduced,  it  being  estimated  that  it 
cannot  be  manufactured  for  less  than  25  cents 
per  gallon.  In  Cuba,  however,  it  is  said  to  be 
produced  on  sugar  plantations  from  refuse 
molasses  at  a  cost  as  low  as  to  cents  per  gal- 
lon. It  is  to  be  hoped,  therefore,  that  im- 
proved processes  maj^  be  developed  so  that 
denaturalized  alcohol  may  be  produced  for  15 
cents  per  gallon,  or  less,  in  this  countrj',  in 
which  case  it  would  prove  a  most  valuable 
fuel  for  the  operation  of  direct  combustion 
engines,  the  supply  being  practically  inex- 
haustible and,  it  being  possible  to  manufacture 
alcohol  almost  anywhere,  there  will  be  no 
necessity  for  payment  for  long  freight  hauls. 


A     NEW     STONE     DRESSING 
MACHINE 

The  Thomas  H.  Dallett  Co.,  of  Philadelphia, 
has  latelv  brought  out  a  new  large  stone  dress- 
ing machine  of  the  sliding-arm  type.  The  tool 
has  several  novel  features.  By  taking  off  two 
nuts  at  the  top  of  the  tool,  the  valve-box,  valve, 
piston  and  barrel  can  be  removed,  and  on  be- 
ing replaced,  there  are   no   adjustments  to  be 


made,  the  parts  being  replaced  in  their  order 
and  the  nuts  screwed  down  tight.  Economy 
in  the  use  of  air  has  received  a  great  deal  of 
attention  during  the  design  and  development 
of  the  tool,  not  only  to  render  it  long-lived,  but 
also  to  reduce  the  air  consumption  to  the  min- 
imum. At  80  lb.  pressure  the  tool  will  consume 
about  50  cu.  ft.  of  free  air  per  minute,  and  at 
lower  pressure  a  correspondingly  less  quan- 
tity. All  parts  of  the  tool  are  hardened  and 
accuratelv   ground.     The   exhaust  hose  can  be 


attached  to  either  side  of  the  tool,  blowing  the 
dust  from  the  working  surface  of  the  stone  in 
either  direction,  as  the  operator  may  desire. 

The  upright  consists  of  two  parallel  bars, 
with  separating  pieces  between,  the  whole  se- 
curely riveted  together.  On  the  lower  end  of 
this  standard  is  cast  a  massive  cylindrical 
journal,  becoming  an  integral  part  of  it  and 
forming  as  a  whole  a  bifurcated  rotatable  up- 
right. The  journal  rotates  in  the  bearing 
formed  in  the  upright  extension  of  the  base. 
This  bearing  is  lubricated  with  grease  and  pro- 
tected from  the  cutting  action  of  the  stone- 
grit  by  a  leather  cap,  which  fits  over  the  top- 
of  the  bearing.  The  bearing  surface  is  17  in. 
long  and  6^   in.   in  diameter. 

The  horizontal  arm  carrying  the  tool  is  a 
6-in..  I-beam,  with  the  sides  faced  with  oak. 
This  arm  travels  back  and  forth  on  rollers 
mounted  in  the  carriage,  which  is  movable  up 
and  down  on  the  upright  by  means  of  the 
hand-wheel,  drum  and  ratchet,  as  shown  in  the 
cut.  The  position  of  this  horizontal  arm  be- 
tween  the   bars    formiu"-   the    upright,    throws^ 
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all  the  weight  and  strains  directly  through  the 
centre-line  of  the  upright,  which  is  important 
in  minimizing  wear  and  is  conducive  to  easy 
operation. 

The  rollers  of  the  carriage,  on  which  the 
horizontal  arm  travels  back  and  forth  are  a 
verA-  hard  cast  iron,  with  case-hardened  bush- 
ings inserted.  The  side  plates  and  the  differ- 
ent parts  of  the  tool  holder  are  crucible  steel 
castings.  Another  important  feature  is  the 
spring  device  in  the  carriage,  whereby  a  con- 
stant tension  is  maintained  between  it  and  the 
upright.  This  eliminates  wear  and  rattling  of 
the  carriage  on  the  upright,  besides  allowing 
a  tle.xibilit}-  of  movement,  to  a  certain  extent, 
of  the  tool  over  the  inequalities  of  an  uneven 
stone  that  is  of  much  assistance  to  the  opera- 
tor. 

The  base  of  this  machine  weighs  700  lb., 
which  is  sufficient  to  insure  the  stability  of  the 
machine  when  the  carriage  is  at  the  top  of  the 
upright  and  the  arm  fully  extended,  without  the 
necessity  of  weighting  down  or  clamping  to  the 
track.  The  base  is  ordinarily  furnished  with 
flat  wheels,  as  shown  in  the  cut,  but  when  de- 
sired flanged  wheels  will  be  provided.  The 
net  weight  of  the  machine,  complete,  is  1.600 
lb. 

For  the  export  trade  the  Dallett  Co.  has 
adopted  a  novel  expedient  to  save  freight 
charges  incident  to  forwarding  to  foreign 
countries  the  heavy  iron  base.  For  export 
the\-  provide  what  they  term  their  "export 
base,"  which  is  simply  the  upright  bearing, 
provided  with  a  flange  on  the  bottom,  so  that 
it  may  be  bolted  to  any  description  of  base  that 
the  foreign  purchaser  may  desire.  The  weight 
of  this  bearing  is  about  200  !b.,  so  that  when 
boxed  for  shipment  the  whole  machine,  with 
the  export  base,  complete,  weighs  1.400  lb., 
and  occupies  but  26  cu.  ft. 


PNEUMATIC    BABBITT    BEATING 
MACHINE.* 

The  pneumatic  babbitt  beater,  shown  in  the 
accompanying  illustration,  w^as  designed  and 
patented  by  Charles  Hightower,  late  assistant 
superintendent  of  the  Union  Iron  Works,  of 
San  Francisco,  Cal.  It  will  undoubtedly  fill  a 
long-felt  want  in  the  machine  shop — not  only 
from  a  practical  standpoint,  but  from  an 
economical  one  as  well. 

Beating  babbitt  by  hand,  as  we  all  know,  is 
very  expensive  and  at  the  same  time  not 
altogether  satisfactory.  The  job  is  usually 
done  by  one  of  the  shop  laborers,  who  does 
not  understand  the  importance  of  properly 
beating  the  babbitt,  until  it  is  well  into  the 
dovetails  provided  for  securing  it  in  place,  and 
at  the  same  time  closes  up  the  pores  of  the 
metal,    together    with    any    possible   blowholes 

*By  W.  S.  Atkinson.  In  Machinery. 


that  might  have  occurred  in  pouring,  and  to 
this  fact  may  be  traced  a  good  deal  of  the 
trouble  given  by  babbitted  journals  and  sur- 
faces. While  the  work  done  by  the  machine 
may  also  have  its  faults  if  the  machine  is  not 
skillfully  handled  it  will  be  seen  that  there 
is  no  comparison  between  the  two  methods 
of  beating  babbitt  as  far  as  the  cost  of  produc- 
tion goes.  The  cap,  shown  in  the  illustration, 
is  16  inches  long,  with  a  bore  of  isVi  inches, 
and  it  was  beaten  in  nine  minutes.  The  ma- 
chine, as  may  be  seen,  is  of  very  crude  con- 


struction, having  been  built  entirely  for  ex- 
perimental purposes.  As  the  principle  is  clear- 
ly shown  in  the  cut,  consisting  of  a  suitable 
frame  for  holding  and  traversing  a  pneumatic 
hammer  an  explanation  as  to  tiie  construction 
and  operation  is  hardly  necessary;  sufficient  to 
say  that  it  gives  entire  satisfaction  and  prom- 
ises to  be  a  welcome  addition  to  the  modern 
machine  shop. 


Intelligent  rock  drillers  will  usually  drill 
long  holes  when  possible.  Comparatively  short 
holes  must  be  used  in  sloping  in  some  places, 
but  the  policy  of  putting  in  long  holes,  even 
if  they  are  of  smaller  diameter  at  the  bottom, 
is  not  contrary  to  the  be<t  practice. 
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The  Editor  of  "Compressed  Air": 

Dear  Sir — Will  you  kindly  favor  me  with 
the  information  as  to  the  proper  distinction 
between  compressed  air  and  air  delivered  by 
a  blower  or  fan?  Thomas  G.  Saxtox. 

Compressed  air  is  generally  considered  to 
mean  air  above  20  or  30  lbs.  gauge  pressure. 
A  centrifugal  fan  or  blower  is  not  adapted  to 
maintain  a  pressure  higher  than  about  16  oz., 
and  any  pressure  between  this  and  20  lbs.  is 
maintained  by  a  blowing  engine.  A  blowing 
engine  is  practically  the  same  as  a  compressor 
except  that  its  exhaust  valves  are  usually  posi- 
tively controlled.  Compressed  air  for  com- 
mercial purposes  is  usually  used  at  pressures 
from  60  to  100  lbs.  gauge. 
The  Editor  of  "Compressed  Air" : 

De.ar  Sir — Would  you  please  let  me  know 
the  capacity  in  free  air  per  minute  of  a  com- 
pressor 3J/^  inch  bore,  4  inch  stroke,  speed 
500  R.  P.  M.  single  acting?  Also  how  close 
the  piston  must  come  to  the  cylinder  head  to 
compress  100  lbs.  William  Scott. 

A  compressor  of  the  dimensions  stated 
above,  operating  at  500  R.  P.  M.,  single  acting, 
would  displace  8.75  cu.  ft.  of  free  air  per 
minute.  This  would  be  piston  displacement 
only,  however,  and  would  not  represent  the 
capacity  of  the  machine  unless  an  allowance 
were  made  for  volumetric  efficiency.  As  the 
volumetric  efficiency  of  high  speed  machines 
is  usually  low,  the  machine  in  question  would 
probably  not  deliver  more  than  7  cu.  ft.  of 
free  air  per  minute.  In  regard  to  clearance  in 
this  compressor,  there  is  no  set  rule,  as  it  is 
universal  practice  to  make  the  clearance  as 
small  as  is  mechanically  practicable.  Some 
companies  have  a  rule  that  clearance  in  all 
sizes    of   machines    shall    not   be    greater    than 


I- 16  inch  between  piston  and  cylinder  head. 
It  will  be  seen,  therefore,  that  if  the  distance 
between  the  cylinder  head  and  piston  remains 
the  same  for  all  sizes  of  cylinders,  the  per- 
centage of  cylinder  volume,  represented  by  this 
clearance,  increases  as  the  diameter  of  the 
cylinder   decreases. 


OXY-ACETYLENE  BLOWPIPE. 

The  oxy-acetylene  blowpipe  produces  a  very 
high  temperature,  being  in  the  neighborhood  of 
4,000  degrees  C.  It  promises  to  be  a  very 
valuable  means  of  welding  plates  together  and 
for  other  purposes  requiring  high  temperature. 
The  proportion  of  oxygen  and  acetylene  may 
be  regulated  so  as  to  make  the  flame  either  an 
oxidizing  or  reducing  agent  simply  by  giving 
excess  of  oxygen  or  acetylene  as  may  be  de- 
sired. One  great  advantage  of  the  new  blow- 
pipe is  that  both  oxygen  and  acetylene  gases 
may  be  generated  as  desired,  thus  doing  away 
with  the  necessity  of  transporting  them  in 
cylinders  under  high  pressure.  The  acetylene 
gas  is  of  course  generated  by  the  combination 
of  water  and  carbide  of  calcium,  and  oxygen 
may  now  be  produced  by  the  combination  of 
water  and  peroxide  of  sodium  which  is  sold 
under  the  trade  name  of  "oxone." 


EDISON    AIR   REHEATER. 

The  Edison  air  reheater  consists  of  two  con- 
centric cylinders.  In  the  inner  one  a  coal  fire 
is  built,  while  a  portion  of  the  compressed  air 
is  passed  through  the  space  between  the  cyl- 
inders, and  a  portion  is  conducted  through  the 
fire.  Valves  are  arranged  to  regulate  the  pro- 
portion of  air  passing  through  the  fire.  The 
work  is  intermittent,  as  the  reheater  must  be 
opened  and  emptied  before  a  fresh  supply  of 
fuel  can  be  added.  When  properly  lagged  with 
asbestos,  90  per  cent,  of  the  heat  units  of  com- 
bustion are  imparted  to  the  air  as  well  as  all 
the  gases  produced  by  the  burning  coal.  The 
result  is  that  a  horse-power  may  be  added  to 
the  compresser  air  by  burning  0.4  lb.  of  coal. 
This  is  far  below  results  obtained  in  any  type 
of  steam  or  gas  engine.  Two  men  are  re- 
quired to  operate  it,  and  the  temperature  to 
which  it  will  raise  is  uncertain.  Sometimes 
the  fire  goes  out  after  the  reheater  is  closed; 
sometimes  too  much  air  passes  through  the 
fire,  and  all  the  ashes  are  carried  along  with 
the  air ;  and  sometimes  the  fire  burns  so  hot 
that  the  air  is  raised  to  temperatures  which 
make  lubrication  impossible,  even  exceeding 
1,000  degrees   Fahrenheit. 
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PRACTICAL  ITEMS  for 
PRACTICAL  MEN. 

WHAT'S      THE     MATTER     WITH 
THIS  AIR  LIFT  SYSTEM? 

The  above  inquiry  was  made  to  us  b\'  Mr. 
William  Schock,  who  states  that  the  system 
was  supposed  to  raise  150  gallons  of  water  per 
minute  from  both  wells  combined,  but  that  the 
most  he  can  get  from  them  is  from  90  to  100 
gallons   per   minute. 


The  other  conditions  relating  to  this  prob- 
lem  can   be  obtained   from   the   drawings. 

We  should  be  interested  in  hearing  from 
our  readers  in  regard  to  this  subject. 


TO  convert  a  machine-drill  into  a  trip-ham- 
mer, simply  upset  a  piece  of  drill-steel, 
forming  a  proper  head  thereon,  and  place 
this  in  the  chuck  in  the  same  manner  that  you 
would  the  drill,  tightening  the  bolts.  The  ma- 
chine, of  course,  should  be  properly  secured  by 
means  of  strong  "U"  bolts  to  a  suitable  timber 


ROUGH  SKETCH  OF  WILLIAM 

The  wells  are  operated  by  a  compressor 
having  a  10"  x  14"  cylinder  and  operating  at 
100  r.  p.  m.  Air  pressure  at  receiver  equals  90 
lbs.  gage.  Discharge  pipe  equals  3"  diam.  Air 
pipe  equals  114"  diam.  for  both  wells. 

This  compressor  should  have  a  displace- 
ment capacity  of  127  cubic  feet  of  free  air  per 
minute. 


SCHOCKS  AIR  LIFT  SYSTEM.^ 

frame,  so  constructed  that  the  anvil  may  be 
placed  in  position  underneath  the  drill.  When 
all  is  ready  turn  on  the  air.  the  same  as  though 
you  were  going  to  drill  a  hole  in  the  rock,  ihe 
intensity  and  speed  of  the  blows  is  regulated 
by  the  amount  of  air  turned  in,  or  by  the  press- 
ure, which  may  be  controlled.  No  special 
valve  gear  or  any  change  in  the  machine  is 
necessary. 
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OPERATING      VALVE      FOR      AN 
AIR   HOIST. 

The  writer  had  occasion  to  build  several  air 
hoists  recently  for  use  in  various  departments 
of  our  works.  These  hoists  were  of  the  single- 
cylinder  straight-lift  type,  the  cjdinders  being 
rhade  of  4J/2  and  6-inch  thin  tubing  of  various 
lengths,  four  feet  being  the  usual  lift  required. 

The  principal  parts  of  these  hoists  were  the 
operating  valves,   which  are  illustrated   in  the 


hole  F  in  the  lever,  thus  pushing  the  exhaust 
valve  G  from  its  seat.  The  air  in  the  hoist 
then  passes  out  through  the  pipe  E,  the  cham- 
ber A,  the  valve  G  and  the  chamber  H  to  the 
atmosphere  through  the  small  perforations  K 
which  muffle  the  exhaust.  The  exhaust  valve 
is  held  on  its  seat  by  a  coiled  steel  spring;  this 
spring  also  assists  the  i-i6xi.'2-inch  flat  steel 
spring  L  in  keeping  the  operating  lever  in  a 
horizontal    position. — American    Machinist. 
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accompanying  sketch.     They  have  proven  very 
satisfactory. 

The  body  A  \s  a.  brass  casting  with  the  air 
inlet  through  the  J/2-inch  pipe  B.  To  cause  the 
hoist  to  lift,  the  hand  rope  which  is  attached 
to  the  operating  lever  at  the  hole  C  is  pulled 
downward,  thus  lifting  the  valve  D  from  its 
seat;  the  air  then  passes  through  the  valve  D 
into  the  chamber  A  through  the  ^-l-inch  cyl- 
inder pipe  E,  which  leads  to  the  under  side  of 
the  hoist  piston.  When  the  load  is  raised  to 
the  required  height  and  it  is  desired  to  lower 
it,  the  hand  rope  at  C  is  released  and  the  valve 
D  will  fly  down  upon  its  seat,  where  it  is  held  by 
the  coiled  steel  spring  and  the  pressure  in  the 
supply  pipe;  the  load  will  remain  at  this  height 
until  released,  provided  there  are  no  leaks.  To 
release  the  load,  pull  the  rope  attached  at  the 


A  GOOD  scheme  for  washing  blue-prints  is 
that  seen  at  the  general  office  of  a  min- 
ing company  not  long  since.  The  tank 
in  wiiich  the  prints  are  washed  is  vertical,  in- 
stead of  horizontal  (as  usual),  and  has  at  the 
top  a  shade  roller  about  3  in.  diameter.  This 
rests  upon  a  pair  of  rollers  at  each  end.  and 
turns  freely ;  a  perforated  pipe  is  arranged  at 
one  side  of  it,  and  delivers  small  streams  of 
water  against  the  face  of  the  blue-print.  The 
latter,  preparatory  to  washing,  is  pinned  to- 
gether at  the  ends  and  the  shade-roller  in- 
serted ;  the  roller,  with  the  print  hanging  from 
it  into  the  tank,  is  replaced  and  the  water 
turned  on.  A  quick  turn  of  the  roller,  to- 
gether with  the  streams  of  water  directed 
against  the  print,  keeps  the  latter  in  motion 
for  a  sufficient  length  of  time  to  insure  thor- 
ough w-ashing. 
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The  Stanley-G.  I.  Electric  Mfg.  Company 
have  opened  temporary  offices  at  67  Blake 
Block,  Oakland,  Cal.  Several  carloads  of 
electrical  apparatus  have  already  left  Pitts- 
field  to  take  the  place  of  machinery  damaged 
or   destroved  in  the   California  disaster. 


It  is  not  claimed  even  by  air  compressor 
builders  that  compressed  air  is  a  cheap  med- 
ium for  developing  power  underground ;  but 
in  almost  every  mine  there  is  to  be  found  one 
or  more  places  where  a  compressed-air  pump 
is  the  simplest,  most  convenient  and  most  de- 
sirable way  of  handling-  the  water  at  that 
point. 


We  are  advised  that  the  Sullivan  ^lachinery 
Co.  have  established  a  temporary  office  at  loio 
> .  ashington  street,  Oakland,  Cal.,  to  take  the 
place  of  their  regular  San  Francisco  branch 
recently  destroyed.  They  are  now  in  a  position 
to  give  prompt  attention  to  orders  through  Mr. 
H.  T.  Walsh,  Pacific  Coast  ^lanager,  w^ho  is 
carrying  a  stock  of  rock  drills  and  parts  as  well 
as  air  compressors. 


Ores  and  'Metals  announces  that  from  this 
time  on  it  will  be  published  by  Reinert  Broth- 
ers, of  Denver,  Col.  Under  the  new  manage- 
ment the  paper  has  been  enlarged  and  consid- 
erably improved  both  in  appearance  and  in  the 
quality  of  its  contents.  Those  who  know  the 
present  publishers  have  no  doubt  that  the  im- 
provement will  continue.  The  new  Ores  and 
Metals  will  be  edited  by  Mr.  Carl  H.  Paddock. 


To  heat  700  cu.  ft.  of  free  air  from  60  deg. 
to  35.')  deg.  F..  when  under  65  lb.,  requires 
12,800  B.t.u.  per  minute.  Allowing  50  per  cent, 
as  the  efficiency  of  the  reheater  (a  figure  which 
tests  of  standard  types  have  shown  to  be  fair), 
we  must  develop  25,600  B.t.u.  in  the  reheater 
per  minute,  which  will  require  about  2  lb.  of 
coal  per  minute,  or  about  2900  lb.  per  24  hours. 
These  calculations  are  based  on  installation  at 
an  altitude  of  5,000  feet. 


Quite  an  interesting  drilling  competition  was 
recently  held  on  the  Lancaster  West  mine.  On 
this  mine  kaffir  labor  is  employed,  while  Chin- 
ese are  used  on  the  next  mine,  the  Lancaster. 
The   white    miners    of    the    Lancaster    West 


boasted  they  had  a  Kaffir  wiio  could  drill  Ixnter 
than  any  Chinaman.  A  competition  was  ar- 
ranged and  the  Chinaman  beat  the  Kaffir  eas- 
il.v.  drilling  156  in.  in  about  7  hours,  while  the 
Kaffir  drilled  140  in.  It  is  found  that  the  Chin- 
aman is  an  excellent  driller  provided  the  con- 
ditions are  favorable.  Otherwise  he  loses 
heart. — Engineering  and  Mining  Journal. 


As  to  "star"'  vs.  '"chisel"  bits,  some  drillmcn 
say  that  in  all  cases  star  starters  and  seconds 
should  be  used.  Then  practical  knowledge  on 
the  part  of  the  man  and  his  boss  must  decide 
as  to  whether  the  conditions  are  most  favor- 
able to  the  use  of  chisel  or  star.  According 
to  one  opinion,  an  ideal  set  of  drills  is  made 
of  i^-in.  steel;  starters,  3  in.  diameter;  sec- 
onds, 2^  in. ;  thirds,  2  in. ;  a  long  star,  i^  in., 
and  then  chisel  up  to  9  ft.  or  10  ft.  Drills  of  the 
same  length  in  the  same  set  should  vary  in  the 
size  of  their  cutting  edges. 


It  is  almost  useless  to  attempt  to  reach  a 
conclusion  as  to  the  relative  merits  of  air  and 
electric  drills.  There  are  so  many  considera- 
tions that  no  definite  statement  can  be  made 
save  in  individual  cases,  where  the  natural 
prevailing  conditions  are  a  deciding  factor. 
The  air  drill  is  considered  to  be  less  easily 
broken  than  the  electric  drill,  but  on  the  other 
hand  it  is  claimed  that  air  installations  suffer 
greater  line  losses  and  are  less  efficient.  The 
electric  drill  is  growing  in  favor,  but  still  has 
an  enormous  lead  to  overcome.— .U/»i».i:  Re- 
porter. 

Compressed  air  locomotives,  which  in  the 
past  few  years  have  become  so  largely  used 
for  mine  haulage,  work  under  pressures  rang- 
ing from  about  500  to  2,000  lb.  The  pressure 
is  mainly  determined  by  the  size  of  the  loco- 
motive permitted  by  the  tunnels  and  curves. 
In  tunnels  of  good  size  the  large  reservoirs 
needed  for  low-pressure  engines  are  pcrmiss- 
able,  but  where  only  small  receivers  can  be 
used,  it  is  necessary,  in  order  to  carry  the  re- 
quired supply  of  power,  to  compress  the  air 
to  a  higher  degree  in  strong  steel  tubes,  '"bot- 
tl js"  as  they  arc  sometimes  called— /rH/jiiift'r- 
ing  and  .Mining  Journal. 

The  present  standard  type  of  air  reheater 
consists  of  two  concentric  cylinders  having 
about  y^-in.  space  between  them.  A  coal  fire 
is  maintained  within  the  inner  cylinder,  which 
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is  provided  with  a  gate  at  the  bottom  end,  and 
a  smoke  pipe  at  the  top.  The  compressed  air 
is  conducted  through  the  space  between  the 
cylinders  where  it  takes  up  about  50  per  cent, 
of  the  heat  units  developed  bj*  the  combustion 
of  the  coal,  the  remaining  50  per  cent,  escap- 
ing up  the  stack  and  by  radiation.  In  tests 
made  with  reheaters  of  this  type,  in  which  the 
air  was  raised  from  52  deg.  F.  to  350  deg.,  an 
increase  of  54  per  cent,  was  found  in  the  work 
performed  by  a  given  amount  of  compressed 
air. 


A  plant  for  the  manufacture  of  liquid  air, 
purchased  out  of  the  Boylston  hall  laboratory 
funds,  has  recently  been  installed  in  Boylston 
hall.  Harvard.  It  consists  of  a  four-stage 
compressor,  built  by  the  Xorwalk  Iron  Works 
Lompan\',  which  is  operated  by  a  Crocker- 
Wheeler  20-horse-power  motor.  The  com- 
pressed air  is  condensed  by  a  new  and  original 
type  of  liquefier  designed  by  Prof.  W.  P.  Brad- 
ley of  Wesleyan  university  and,  built  under  his 
direction.  The  capacity  of  the  plant,  which 
is  the  most  efficient  and  powerful  yet  devised, 
is  about  half  a  gallon  of  liquid  air  per  hour. 


In  the  compressed-air  street  car  service  tried 
in  New  York  some  years  ago  the  compressed 
air  was  stored  in  a  tank  under  high  pres- 
sure, while  a  second  tank  containing  hot  w^ater 
was  used  as  a  reheater,  the  air  being  allowed 
to  pass  through  the  water  before  entering  the 
engine.  In  trials  made  with  these  cars  it  was 
found  that  when  using  the  reheater  a  car 
would  run  over  six  miles  on  one  charging  of 
the  air  tank,  while  w^ithout  a  reheater  it  would 
only  run  between  three  and  four  miles. — Engi- 
neering and  Mining  Journal. 


A  new  hoisting  rope  should  be  oiled  within 
two  or  three  days  of  its  being  put  to  work. 
The  oiling  should  be  repeated  at  least  once  a 
month  during  the  first  six  months,  and  after 
that  every  six  weeks.  In  a  dry  downcast  shaft 
this  may  be  considered  needlessly  frequent, 
but  in  an  upcast,  or  a  wet  shaft,  it  may  be  re- 
quired more  often.  The  process  of  oiling  af- 
fords an  excellent  opportunity  for  examina- 
tion of  the  condition  of  the  rope.  The  oil  can 
be  removed  by  cotton  waste,  soaked  in  paraffin, 
from  any  part  where  a  defect  is  suspected. 


gine  is  constructed  like  an  ordinary  steam  loco- 
motive. An  air-storage  tank  takes  the  place 
of  the  boiler.  The  air  is  stored  under  press- 
ure varying  from  700  to  1,000  lb.  per  sq.  in. 
In  some  of  the  engines  the  air  passes  into  an 
auxiliary  reservoir  before  entering  the  cylin- 
ders. The  air  pressure  is  reduced  to  about 
150  lb.  per  sq.  in.  before  entering  the  engine 
cylinder.  The  air  is  used  expansively  by 
means  of  the  Stephenson  link-motion  gear.- 
This  system  of  underground  haulage  is  cheap- 
er and  handier  than  rope  haulage,  and  it  is 
thoroughlv  safe  and  reliable. 


Pneumatic     locomotives    are     employed    in 
some  of  the  large  German  collieries.     The  en- 


A  practically  necessarj-  feature  in  mining  in 
the  Cripple  Creek  district  in  Colorado  is  the 
use  of  the  rock  drills  driven  by  compressed  air. 
The  air  compressor  plant  is  usually  placed  near 
the  mouth  of  the  shaft  and  the  air  supplied  to 
the  drills  at  different  levels  through  pipe  lines 
extending  down  into  the  mines.  The  mines 
are  worked  at  various  levels,  reaching  a  work- 
ing depth  in  several  instances  of  1,000  feet. 
The  rock  encountered,  especially  at  the  lower 
levels,  is  very  dense  and  not  easily  drilled.  The 
economical  operation  of  a  mine  in  this  district 
thus  depends  largely  on  the  cost  of  compress- 
ing air,  owing  to  the  high  price  of  coal.  The 
range  in  the  cost  of  coal  for  this  work  is  from 
53  cents  to  $3  per  drill  shift.  This  difference 
is,  of  course,  due  to  the  care  and  intelligence 
with  which  the  machinery  is  operated  and  to 
the  design  and  character  of  the  latter. 

The  results  obtained  in  two  mines  of  the 
Cripple  Creek  Consolidated  Co.  covered  by  a 
period  extending  over  four  months  are  inter- 
esting in  demonstrating  that  low  costs  can  be 
obtained  in  practice  under  proper  operating 
conditions.  During  the  four  months  referred 
to  1.367  drill  shifts  were  operated  in  these 
mines,  492  shifts  being  the  largest  number  em- 
ployed in  a  single  month.  The  cost  of  coal 
used  in  operating  the  two  mines  during  this 
time  was  $1,183.17,  of  which  $450  was  spent  for 
coal  used  in  hoisting  7.500  tons  or  rock  that 
was  removed.  The  total  cost  of  coal  required  in 
operating  the  compressor  was  thus  $733.17,  or 
53.7  cents  per  shift.  A  straight-line  air  com- 
pressor, with  single  steam  and  compound  air 
cylinders,  made  by  the  Sullivan  Machinery  Co., 
of  Chicago,  III.,  was  used.  This  compressor  is 
designed  to  operate  10  standard  rock  drills,  but 
the  rated  capacity  was  often  exceeded  during 
the  time  mentioned. 
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Specitally  lui-purrd  Uii  Co.mi'kksseu  Aiu. 

816,562.  ^Iiner's  Drill.  Clyde  C.  Cranmer, 
Athens.  Ohio.  Filed  March  2.  1905.  Serial 
No.  248,174. 


when  .said  head  is  moved  to  partially  cIdsc  the 
air-lock  chamhcr. 


Claim. — i^  In  a  miner's  drill,  the  comhina- 
tion  of  a  supporting-post,  a  supporting-frame 
connected  with  the  upright,  and  a  slidable  plate 
carried  by  said  supporting-frame  and  adapted 
to  hold  the  same  in  an  ascertained  position. 


816.563.  Mixer's  Drill.  Clyde  C.  Cranmer. 
Athens,  Ohio.  Filed  Sept.  12,  1905.  Serial 
No.  278,161. 
Claim. — I.  In  a  miner's  drill,  the  combina- 
tion of  a  supporting-frame,  a  drill-rod  mounted 
thereon,  a  rotatable  bearing  for  the  drill-rod 
having  threaded  connection  therewith,  a  main 
gear  having  spline  connection  with  the  drill- 
rod  and  adapted  to  rotate  the  same,  means  for 
actuating  said  main  gear,  adjustable  bearing- 
brackets  attached  to  the  frame,  and  a  train  of 
gears  mounted  on  said  bearing-brackets  and 
arranged  to  connect  the  main  gear  aforesaid 
with  the  rotatable  bearing,  whereby  rotation 
may  be  imparted  to  said  bearing,  adjustment 
of  the  bearing-brackets  above  mentioned  being 
adapted  to  connect  or  disconnect  the  main  gear 
from  the  rotatable  bearing  as  described. 


816,642.     .Air  Lock.     Sinclair  W.  Chiles.  South 

Bethlehem,  Pa.    Filed  June  15.  I905-    Serial 

No.  265.416. 

Claim.— I.  In  an  air-lock,  the  combination  of 

a   movable   head   having   an    aperture    for   the 

passage  of  the  bucket  and  adapted,  when  nioved 

in  one  direction  to  partiallv  close  the  air-lock 

chamber,  a  valve  member  operatively  connected 

with    the   head   to    close   the   aperture   therein 


816,761.     Pneum.xtic  Hokse  C<ii.l.\k.     Ingebert 
J.  Thomsen.  Minden,  Xeb.     F"iled  -Vug.  22, 
1905.    Serial  No.  27s.2f)7. 
Claim. — I.    The    combination    with    a    horse 
collar  of  pneumatic  pads   connected   by   a   re- 
stricted  air   passage,   and   a    valve   controlling 
the  passage  of  air  through  said  air  passage. 


816,859.  Fluid  Pressure  Br.xke.  Maury  W. 
Hibbard,  Chicago,  III.  Filed  July  6.  1903. 
Serial  No.  164,324. 
Claim. — I.  In  an  automatic  fluid-pressure 
brake  apparatus,  having  a  movable  abutment, 
governing  the  passage  of  pressure  to  the  brake 
cylinder,  and  a  passage  for  feeding  pressure 
from  the  train  pipe  to  the  auxiliary  reservoir, 
the  combination  of  a  separate  movable  flexible 
diaphragm  device  exposed  on  opposite  sides 
to  pressure  from  the  train  pipe  and  auxiliary 
reservoir  respectively,  and  a  valve  in  said  feed 
passage  actuated  by  movement  of  said  dia- 
phragm device  to  open  said  passage  when  the 
train-pipe  pressure  exceeds  that  in  the  auxili- 
arv   reservoir. 


816.884.  Det.vi  H.\RLE  Pneum.xtu-  Tire.  Chas. 
S.  Scott.  Cadiz,  Ohio,  assignor,  by  mesne 
assignments,  to  The  Goodyear  Tire  and 
Rubber  Gmipany.  Filed  March  2?,.  1905. 
Renewed   March   5,   lycX).     Serial   No.  304,- 

Claim. —  I.  The  combination  of  a  vehicle- 
wheel  rim  having  a  depressed  groove  near  its 
detaching  edge,  an  annular,  inextensiblc.  de- 
tachable, rim  riinge,  having  an  inner  diameter 
which  permits  its  ready  passage  over  the  outer 
edge  of  the  groove,  and  a  contractible  lock- 
ing ring  wliich  is  passed  over  the  outer  edge 
of  the  groove  and  sprumi  into  the  groove  to 
form  an  abutment  for  the  rim  flange,  sub- 
stantially as  described. 

816,897.  DLSTRinuTiNti  Nozzle  for  Pneum.mic 
Con\t.yer  Pipes.  Oscar  E.  P.ray.  Warsaw, 
N.  V.  Filed  Dec.  27,  1004.  Serial  No. 
238.310. 
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Claim. — I.  A  distributing  attachment  for 
pneumatic  conveyor-pipes,  having  in  combina- 
tion a  sleeve  rotatably  engaging  over  the  end 
of  said  nipe,  a  plurahty  of  collars  rigidly  fixed 
to  said  pipe,  one  at  each  end  of  said  sleeve, 
strut  members  projecting  from  said  sleeve  past 
the  outer  end  of  said  pipe,  a  directing-shield,  a 
holder  carrying  the  same,  pivotally  mounted 
between  said  strut  members,  and  a  plurality  of 
cord  sj-stem,  one  whereby  the  sleeve  may  be 
rotated  in  either  direction  with  respect  to  the 
pipe,  and  the  other  whereby  the  position  of  said 
deflecting-shield  and  holder  with  respect  to  the 
sleeve  and  the  pipe-terminal  may  be  regulated, 
substantially  as  described. 


816,923.     Machine    for     Cutting     Headings. 
William    A.    Lathrop,    Wilkes-Barre.    Pa. 
Filed  Aug.  31,  1903.    Serial  No.  171,437. 


Claim. —  I.  In  a  mach'.i.c  iwr  culling  head- 
ings, the  combination  of  a  cutter  adapted  to 
cut  a  channel  transverse  to  the  machine,  which 
channel  shall  be  as  long  as  the  corresponding 
transverse  dimension  of  the  machine,  and 
means  for  moving  said  cutter  laterally  to  widen 
said  channel. 


816,961.  Drill  Sharpening  ^Machine.  James 
J.  Brossoit,  Grand  Rapids.  Wis.  Filed  Dec. 
20,  1904.     Serial  No.  237,599. 


Claim. — I.  In  a  machine  for  sharpening 
drills,  the  combination  of  a  housing  having  a 
passage  therethrough  and  a  shoulder  in  the 
passage,  a  die  arranged  to  move  in  the  pass- 
age and  having  a  shoulder  coacting  with  the 
shoulder  thereof,  a  collar  secured  in  the  hous- 
ing, through  which  collar  the  die  moves,  a 
spring  bearing  between  the  shoulder  on  the 
die  and  said  collar,  and  means  for  operating 
the  die. 


816.998.       Throttle-valve  for      Pneumatic 

Hammers.       Plenry    S.  Potter,     Bromley, 

England.      Filed   Jan.   4,  1905.      Serial    No. 
239,661. 


Claim. — I.  The  combination,  with  a  power- 
cylinder  having  a  closed  rear  end.  of  an  oscil- 
latory hand-operated  sleeve  encircling  the  front 
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end  portion  of  the  said  cylinder,  means  for 
preventing  the  said  sleeve  from  moving  long- 
itudinally, a  supply-valve  arranged  at  the  rear 
end  of  the  said  cylinder,  and  a  rod  connection 
between  the  said  sleeve  and  supply-valve. 

2.  'Ihe  combination,  with  a  power-cylinder 
having  a  closed  rear  end,  of  an  oscillatory 
hand-operated  sleeve  encircling  the  front  end 
portion  of  the  said  cylinder  and  provided  for 
controlling  the  supply  of  pressure  fluid,  a 
toothed  pinion  gearing  into  the  said  rack,  and 
a  rod  connection  between  the  said  plug-valve 
and  pinion. 


Will- 
March 


817,016.  P.VEUM.\TIC  DeSP.\TCHIXG  TuBE  SYS- 
TEM. Joseph  J.  Staetzel,  Chicago,  111.,  as- 
signor to  Universal  Pneumatic  Transmis- 
sion Company  of  Maine.  Filed  Nov.  20, 
1905.     Serial  No.  288.175. 


Chiiin.—i.  In  a  pneumatic-despatch-tube  sys- 
tem, the  combination  of  a  normally  closed 
transit-tube  through  which  carriers  are  trans- 
mitted, a  sending-station  arranged  to  permit  a 
carried  to  be  inserted  into  the  tube,  means  for 
exhausting  air  from  the  tube,  and  a  valve 
adapted  to  admit  air  into  the  tube  for  drivmg 
carriers,  said  valve  being  adapted  to  n\n-n 
through  a  fluctuation  of  the  pressure  wuhm 
said  tube,  means  normally  urging  the  closmg 
of  said  valve,  and  means  for  timing  the  closmg 
of  said  valve. 


817,296.     Tl'bllar  Rock-Boring  Drill. 

iam   Besson,    Duluth,    Minn.      Filed 

31,  1905.  Serial  No.  253,037. 
Claim. — I.  In  a  drill,  the  combination  of  a 
tubular  drill  rod,  a  reservoir  fonned  on  and 
around  said  rod  at  its  lower  end,  a  tubular  drill 
point  secured  to  the  lower  end  of  said  rod, 
and  having  passages  formed  therein  connect- 
ing the  central  passage  of  said  drill  point  with 
said  reservoir. 


817.306.     \'.\cuLM  Soldering  Machine.     Hoi- 
ton  Eachus,  Chicago,  111.,  assignor  to  Fair- 
bank  Canning  Company.  Chicago,  111.,  a  cor- 
poration   of    Illinois.      Filed    May   6,    1905. 
Serial  No.  259,207. 
Claim. — I.    The  combination  with  a  movable 
carrier    having    a    plurality    of    compartments, 
and  a  plate  adapted  to  cover  two  or  more  of 
said   compartments    successively    as    said    car- 
rier   moves    and    having    a    suitable    opening 
therein,   of   a   vacuum   chamber   covering   said 
opening,  grooves  in  said  plate  connecting  with 
said   vacuum  chamber  and   adapted  to  expose 
said   compartments   successively   to   the   action 
of  the  vacuum  as  said  carrier  moves  them  un- 
der  said   plate,   and   means    for   soldering   the 
vent  in  the  caps  of  the  cans  contained  in  said 
compartments  as  they  pass  under  said  vacuum 
chamber,  substantially  as  described. 
817.384.      Pneumatic    Motor.      Reinhold    A. 
Norling.   .\urora.    111.,   assignor   to   Aurora 
Automatic    Machinery    Company,    .\urora, 
111.,  a  corporation  of  Illinois.     Filed  July  20. 
1904.     Serial  No.  217.37-- 


817,066.  Pneumatic  Tire.  Sidney  Hunter, 
St.  Louis,  Mo.  Filed  Sept.  21,  1905-  Serial 
No.  279,435- 


(^7„,,„_i.  A  piu-umatic  motor  compressing 
a  power  cvlinder,  a  valve  for  controlling  the 
admi-sion  iif  pressure  tlui<l  to  and  its  exit  from 
said   cvlinder,  a  supply  pipe,  and   a   reversing 
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valve  embracing  a  valve  casing  with  which 
said  supply  pipe  is  connected,  said  valve  cas- 
ing beine  provided  with  an  outv.-ardly  facing 
valve  seat  having  two  ports,  both  of  which  are 
in  communication  with  said  cylinder  by  sup- 
ply and  exhaust  passages  controlled  by  said 
cylinder  valve,  a  rotative  valve-disk  bearing  on 
said  seat  and  adapted  for  bringing  either  of 
said  ports  in  communication  either  with  the 
air-supply  pipe  or  with  the  outer  air.  a  valve- 
operating  stem  connected  with  the  valve  and 
extending  into  said  supply  pipe,  and  a  sleeve 
mounted  to  turn  on  said  pipe  and  forming  a 
hand  grip,  said  sleeve  being  connected  with 
said  valve  stem  by  operating  means  extending 
through  a  slot  in  said  pipe. 


817.5.38.      Compound     Air     Pump.      Howard 
Wixon,    Chicago,    111.      Filed   July    i,    1904. 
Serial   No.   214.920. 
Claim. — I.  A  compound  pump  comprising  an 
outer,   low-pressure   cylinder  having  an   inter- 
nal packing  at  its  end.  a  high-pressure  cylin- 
der working  through  said  packing  and  having 
an  external  piston  working  in  said  outer  cylin- 
der, a  piston  carried  by  said  outer  cylinder  and 
working  w'.thin  said  inner,  high-pressure  cyl- 
inder,   saia   cylinders     being    in     unobstructed 
communication  at  a  point  between  said  pistons, 
substantially  as  described. 


817,609.  Chuck  for  Rock  Drills.  Thomas 
E.  Adams,  Cleveland.  Ohio,  assignor  to  The 
Adams  Drill  Company.  Cleveland,  Ohio,  a 
corporation  of  Ohio.  Filed  June  29,  1903. 
Serial  No.  163.601. 
Claim. — I.  A   drill-chuck   having   a   tapering 

exterior    made    with    a    continuous    series    of 

step-like  ribs. 


817.706.  Air  and  Gas  Engine.  Allen  O.  Heney, 
Shakespeare,  Ind.  Filed  Dec.  21,  1904. 
Serial  No.  237,778. 
Claim. — An  air  and  gas  engine,  employing 
a  cylinder  having  an  inner  piston-chamber 
opening  into  the  intake  end  of  said  cylinder. 
and  oppositely-moving  pistons,  said  piston- 
chamber  having  a  single  inlet-port  also  com- 
municating with  said  cylinder-intake  end  and 
delivering  the  gas  and  air  charge,  after  initial 
compression,  to  the  opposing  action  of  the 
pistons,  said  inlet-port  also  adapted  to  be  shut 
off  by  one  of  said  pistons  in  its  forward  or 
compression  movement,  and  said  piston-cylin- 
der also  having  a  single  exhaust-port  adapted 
to  be  uncovered  by  the  opposite  piston,  in  its 
rearward  movement,  after  the  exploding  of 
said  charge,  substantially  as  set  forth. 


817.778.     Air  Pressure  and  Vaci'itv  Indica- 
tor.     Henry   A.    House,   Bridgeport.   Conn. 
Filed  May  2,  1905.     Serial  No.  258.476. 
Claim. — I.    In  an  indicator  of  the  character 
described,  a  glass  tube,  flexible  reservoirs  hav- 
ing open   communication   with  the   interior  of 
said  tube  and  at  each  end  thereof,  said  reser- 
voirs and  tube  sealed  against  the  admission  of 


air,  a  casing  to  form  a  chamber  about  each 
reservoir,  one  of  said  reservoirs  holding  liq- 
uid, means  for  admitting  air  above  the  normal 


&, 


into  one  chamber  to  force  the  liquid  into  the 
glass,  and  means  to  permit  the  escape  of  air 
from  the  other  chamber,  for  the  purpose  set 
forth. 


817.797.  Strainer  for  Air  Compressor.  Will- 
iam J.  Ogan,  Dayton.  Ohio.  Filed  Feb.  i, 
1906.     Serial  No.  298.908. 


Claiiii. — A  strainer  for  air  compressors,  com- 
prising a  screw-threaded  apertured  base  A  with 
yoke  D  extending  from  its  upper  side  and 
spanning  the  aperture,  concentrically-disposed 
screen  cylinders  E  and  J  mounted  upon  said 
base  portion  and  inclosed  at  their  upper  ends 
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bv  a  cap  G,  a  stem  C  projected  from  the  yoke 
D  and  penetrating  a  central  aperture  in  the 
cap,  said  stem  being  provided  with  a  nut  which 
tightens  the  cap  against  the  screen  cylinders, 
said  screen  cylinders  providing  a  chamber  con- 
centric therewith  and  lying  on  the  outer  side 
of  the  aperture  in  the  base,  a  tiltering  medium 
inclosed  within  said  chamber,  and  a  shield  in- 
closing said  strainer  and  held  in  position  by 
the  nut  which  tightens  the  cap  against  the 
screen  cvlinders. 


817819.  Air  Brush.  Liberty  Walkup,  Rock- 
ford,  111.  Filed  Aug.  18,  1905.  Serial  Xo. 
274-803. 
Claim. — I.  In  an  air-brush,  in  combination, 
a  tubular  body  threaded  exteriorly  throughout 
a  portion  of  its  length  and  provided  with  an 
inwardly-sloping  perforated  shoulder  portion 
terminating  in  a  neck,  a  conical  plug  having  a 
tapering  central  bore  extending  longitudinally 
therethrough  and  tapned  at  its  base  into  the 
free  end  of  the  neck  of  the  tubular  body,  a  con- 
ical cap  having  the  interior  of  its  larger  end 
portion  fitted  closely  to  and  slidable  upon  the 
unthreaded  portion  of  the  tubular  body  and 
the  interior  of  its  smaller  end  portion  tapered 
to  conform  to  but  not  contact  the  exterior  of 
the  conical  plug,  thereby  forming  an  annular 
air-chamber  between  such  cap  and  the  neck  of 
the  tubular  body  and  the  conical  plug  and 
means  for  longitudinally  adjusting  the  cap  to 
the  conical  plug,  substantially  as  and  for  the 
purpose  specified. 


817.953.     Fluid  Pressure  Br.'iKE.     Robert  H. 
Blackall,' Edeewood  Park.   Pa.,  assignor  to 
The    Westinghouse    Air    Brake    Company, 
Pittsburg.    Pa.,    a   corporation    of    Pennsyl- 
vania.     Filed    June    13,    1903.      Serial    Xo. 
161,296. 
Claim. — I.  In    a    fluid-pressure     brake,     the 
combination  with  a  train-pipe,  auxiliary  reser- 
voir, brake-cylinder,   and  a   triple  valve  device 
having  means  for  supplying  air  from  the  train- 
pipe  and   from   the  auxiliary   reservoir  to   the 
brake-cylinder    in    emersrency    applications,    of 
means   independent   of   the   triple-valve   piston 
for  slowly  equalizing  the  pressure  upon  oppo- 
site sides  thereof  after  an  ordinary  emergency 
application  of  the  brakes. 


818.060.     PxEUM.VTic  Wheel.     Richard   Thew 
and  Hollis  H.  Harris,  Lorain.  Ohio.     Filed 
Dec.   19,   1904.     Serial   Xo.  237.^91. 
Claim. — I.  The     combination     of     a     sleeve 
adapted  to  surround  the  axle,  an  annular  mem- 
ber mounted  on  said  sleeve,  a  cushion  on  said 
annular  member,  a  wheel  having  a  hollow  cas- 
ing surrounding  said  cushion,  a  collar  on   the 
axle  bearing   against   said   sleeve   and   holding 
said  annular  member  in  place,  and  means  for 
holding  the  collar  in  place. 

818.037.       St.XRTINT,    MECH.VNISNf    FOR    PnEUM.V- 

Tic  Tools.     Robert    T.  Mickle,  Philadelphia, 
Pa.,  assignor  to  Ridgely  and  Johnson  Tool 


Company,  a  corporation  of  Illinoi: 
Sept.  6,  1901.     Serial  Xo.  74,529. 
Claim. — I.  In   a   pneumatic   tool,   a 
having  exhaust  ports,  a  piston  therein, 
ally  open  stop-valve  contained  in  said 


5.     Filed 

cylinder 
a  norm- 
cylinder, 


and  means  for  closing  said  stop-valve,  and 
starting  said  piston  when  the  working  tool  is 
pressed  to  the  work. 

818.155.  Air  Br.vke  Coupling.  John  S.  Far- 
low,  Salisburv,  Md.  Filed  Oct.  27,  1905. 
Serial  Xo.  _'S4,7_'8. 
Claim. — I.  The  combination  with  a  car,  of 
brackets  secured  thereto  in  spaced  relation 
longitudinally  of  the  car,  a  sleeve  slidably  en- 
gaged in  the  brackets  and  extending  beyond 
the  end  of  the  car,  a  hollow  resilient  body  car- 
ried by  the  outer  end  of  the  sleeve,  said  body 
having  an  opening  in  its  outer  portion  ami 
having  another  opening  connnunicating  with 
the  passage  of  the  sleeve,  a  collar  carried  by 
the  sleeve  between  the  bracket  and  arranged 
for  engagement  of  the  outer  bracket  to  limit 
the  outward  movement  of  the  sleeve,  a  spring 
disposed  between  the  collar  and  the  inner 
bracket  to  hold  the  sleeve  yieldably  against  in- 
ward movement,  a  turn  plug  carried  by  the 
rearward  end  of  the  sleeve,  means  for  auto- 
matically operating  the  turn  plug  when  the 
sleeve  is  moved,  a  i\u\<\  supply  pil)e.  and  flex- 
ible connections  between  the  turn  plug  and  said 
supply  pipe. 
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818,200.  Pneum.\tic  Typewriter.  Maximil- 
ian Soblik,  Dusseldorf,  Germany.  Filed 
Nov.  16,  1903.     Serial  No.  181,292. 


818.320.     Fluid  Pressure  Brake  axd  Other 
Apparatus.    James  N.  Weikly,  Jersey  City, 
N.    J.,    assignor    to    George    Holt    Fraser, 
Brooklyn,  N.  Y.     Filed  Dec.  10,  1896.     Re- 
newed Oct.  10,  1905.     Serial  No.  283.500. 
Claim. — I.    In  air  brakes  and  other  pressure 
apparatus,   the  combination   with   a   source   of 
fluid  pressure,  means   for  utilizing  such  pres- 
sure, a  pipe  communicating  between  said  parts 
and  a  valve  controlling   such   communication, 
of  a  pressure  regulator  in  communication  with 
said  pipe  beyond  said  valve  and  automatically 
preventing  flow  of  pressure  to  said  means  ex- 
ceeding   a    predetermined    limit,    and    a    valve 
operated  by  said  regulator,  having  full}-  open 
and   fully  closed  positions   and   popping   from 
one  position  to  the  other  without  intermediate 
rest. 


818.321.      PXEUM.A.TIC   ]^IaTTRESS^  CuSHIOXS.  &C. 

Richard  A.  Whall.  Reading.  Mass.,  assignor 
of  one-half  to  Metropolitan  Air  Goods 
Company.  Reading,  Mass.,  a  corporation  of 
Massachusetts.  Filed  July  22,  1905.  Serial 
No.  270,832. 


818,402.  PNEUMATIC-TIRE  PLUG.  David 
Apsteix,  Bridgeport,  Conn.  Filed  June 
24,  1905.    Serial  No.  266,863. 


818,567.      VALVE-OPERATING      DEVICE 
FOR  COMPRESSORS.     Hexry  C.  Ser- 
ge.ant,  Westheld,  N.  J.,  assignor  to  Inger- 
soll-Rand  Compan\%  New  York.  N.  Y.,  a 
Corporation  of  New  Jersey.     Filed  June 
26.  1902.     Serial  No.  113.342. 
Claim. — I.     The  combination  with  the  inlet- 
valve  of  a  compressor,  of  a  motor  consisting 
of  a  cylinder  and  piston,  means  for  admitting 


a  pressure  fluid  to  said  cylinder  on  one  side  of 
the  piston  for  closing  said  valve,  and  an 
elastic-fluid  supply  connected  with  said  cyl- 
inder on  the  other  side  of  said  piston  and  ex- 
erting a  constant  tendency  to  open  the  valve, 
substantially  as  herein  described. 


818.619.  COAL-CUTTING  MACHINE.  Ar- 
thur H.  GiBSOX.  Easton,  Pa.,  assignor  to 
Ingersoll-Rand  Company,  New  York,  N. 
Y.,  a  Corporation  of  New  Jersey.  Filed 
Nov.  15,  1905.     Serial  No.  287,401. 


Claim. — I.  In  an  air-presser-driven  coal-cut- 
ting machine,  a  work-cylinder,  its  piston,  air- 
passages  leading  to  the  front  and  rear  of  the 
cylinder  and  a  governor  controlled  by  the 
movement  of  the  piston  for  reducing  the 
stroke  of  the  said  piston. 


818,649.  PNEUMATIC  COLOR-APPLY- 
ING APPARATUS.  Felix  Wolf.  New 
York.  N.  Y.  Filed  Jan.  30,  1906.  Serial 
No.  298.731. 


818.681.     ROCK-DRILL.    Arthur  H.  Gin.sox. 
Easton,    Pa.,    assignor    to    the    Ingersoll- 
Sergeant    Drill    Compan.    New    York.    N. 
Y.,  a  Corporation  of  West  Virginia.    Filed 
.\ug.  26,  1905.     Serial  No.  275.851. 
Claim. — I.     .\     rock-drill     piston     having    a 
tail-rod,  a  cylinder  having  a  tail-rod  chamber, 
and  pipes   for  feeding  the  motive  fluid  to  the 
opposite  sides  of  the  piston,  said  cylinder  hav- 
ing a  passage  leadin.g  from  one  of  the  motive- 
fluid  pipes  to  the  tail-rod  chamber. 
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819,011.  ELECTROPXEU^IATIC  CHAX- 
NELER.,  Arthur  H.  Gibson,  Easton  Pa., 
assignor  to  Ingersoll-Rand  Company, 
New  York,  N.  Y.,  a  Corporation  of  New 
Jersey-.  Filed  Dec.  15,  1905.  Serial  No. 
291,842. 


Claim. — I.  A  tool-piston,  its  cylinder,  pipes 
for  supplying  motive  fluid  alternately  to  the 
opposite  sides  of  the  piston  and  means  for 
closing   communication    between    the    space    at 


one  side   of  the  piston   and  one  of  the   pipes 
and  opennig  the  said  space  to  atmosphere. 


818,776.  SAND-BLAST  APPARATUS.  John 
D.  Murray,  San  Francisco,  Cal.  Filed 
May  5,  1905.     Serial  No.  258,965. 


819,032.  FLUID-PRESSURE  BRAKE.  Wil- 
liam P.  A.  Macfarlane,  Chicago,  III. 
Filed  Nov.  4,  1905.    Serial  No.  285,822. 


818,638.  HAM:\IER-DRILL.  William  Prell- 
wiTZ,  Phillipsburg,  N.  J.,  assignor  to 
Ingersoll-Rand  Company,  New  York.  N. 
Y.,  a  Corporation  of  New  Jersey.  Filed 
Dec.  7,  1905.    Serial  No.  290,690. 


Claim. — T.  In  a  hammer-drill,  a  hammer- 
cylinder  and  a  hollow  protective  casing  there- 
for having  its  wails  entirely  spaced  from  the 
cylinder,  the  cylinder  being  supported  only  by 
the  ends  of  the  casing  for  the  puri)ose  set 
forth. 
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Office 

CHIT-CHAT 


•"  Most  men — that  is,  real  men — no  matter  what 
their  regular  vocation  may  be,  are  mterested  in 
knowing  "how  it's  made",  whether  "it"  be  a  tooth- 
pick or  a  magazine   dealing  with   a   technical  subject. 

*  The  why  and  wherefore  of  any  product  of  the  hand 
and  brain  of  man  is  as  interesting,  m  its  way,  to  the 
user  as  to  the  maker.  This  applies  in  a  marked 
degree  to  the  man  who  pays  for  the  product;  and 
especially  is  it  true  in  the  relation  between  subscriber 
and  publisher. 

"^  We  shall  publish  from  time  to  time  "Office  Chit 
Chat"  in  the  hope  that  our  readers  will  use  this  page 
as  a  medium  for  expressing  their  commendations,  sug- 
gestions and  kicks  to  the  end  that  COMPRESSED 
AIR  may  embody  as  far  as  possible  the  ideas  of  use- 
fulness suggested  by  those  who  with  ourselves,  are 
most  vitally  interested  m  maintaining  a  clearing 
house   of   useful   compressed   air   information. 

*  Perhaps  you  say  "There  are  too  many  technical 
papers.  I  subscribe  to  two  or  three  and  while  inter- 
ested in  pneumatics,  I  am  not  sufficiently  benefited 
by  receiving  a  waste  basket  full  of  papers  every 
month."  You  are  right — that  is,  half  right.  There 
are  more  technical  papers  published  than  can  be 
properly  digested,  but  there  is  no  paper  dealing  with 
the  subject  of  air  under  pressure  except  COM- 
PRESSED AIR,  an  established  paper  entering  its 
eleventh   year. 

'  "I  came  like  water  and  like  \vine  I  went,  '  said 
Omar  Khayam — and  he  tniglit  have  said  the  tech- 
nical papers  come  like  water.  They  pour  in — they 
stream  in — papers  devoted  to  civil  engineering,  me- 
chanical engineering,  electricity,  water,  gas,  building, 
machinery,  brewing,  tanning,  and  so  on,  ad  infinitum, 
good  in  their  fields  but  in  fields  that  look  upon  com- 
pressed air  as  an  incident;  and  in  most  of  these 
papers  are  continually  appearing  practical  articles 
and  paragraphs  on  compressed  air. 

'  But  how  IS  the  engineer,  say  at  a  mine  power 
house,  going  to  keep  pace  with  compressed  air?  — 
By  reading  all  the  journals  and  clipping  out  the 
compressed      air      articles?  If    he    did    the    mine 

wouldn't   get  much  of  his  time. 


"^  If  he  is  up  against  a  difficulty — a  really 
tough  one.  what  paper  can  he  write  to  for  help? 
He  can  write  to  anv  paper,  but  WHAT  PAPER 
CAN  .answer'  .a  DIFFICULT  COM- 
PRESSED  .AIR  QUESTION? 

'  "Compressed  .Air  Taught  by  Mail  ".  Did  you 
ever  see  a  correspondence  school  "ad"  that  offered  to 
teach  compressed  air  by  mail?  No.  They  teach 
mechanical  engineering,  electrical  engineering,  law, 
acting,  locomotive  engineering,  hydraulic  engineer- 
ing, and  what  not,  by  mail,  but  they  side  step  com- 
pressed  air. 

•     Why? 

'  Because  the  men  who  KNOW  anything  about 
the  subject  are  not  teaching  school.  They  are  a 
comparative  few  and  they  are  snapped  up  by  the 
compressed  air  machinery  manufacturers  and  set  to 
work  learning  the  practical  side  of  the  subject — 
which    doesn't   always   coincide    with   theory. 

'  "Compressed  Air"  is  edited  by  graduates  of 
engineering  schools  who  have  served  their  time  m 
overalls  and  worked  and  fussed  and  lived  with  air 
compressors,  drills  and  pneumatic  tools.  They  are 
theoretical  men — who  know  when  to  cut  out  theory 
and  subslitute  the  knowledge  gained  by  rough  and 
tumble    experience. 

'  "Compressed  Air  "  takes  from  the  hundreds  of 
engineering  and  technical  papers  the  matter  pertain- 
ing to  the  subject,  digests  it  and  serves  it  up  either 
straight  or  with  remarks  on  the  side — the  informa- 
tion and  clippings  come  to  us  like  water — and  like 
wine  thev  go,  concentrated,  and  in  a  selected  form, 
with    a   clear   and   legible    label. 

'  ^'e  don't  know  it  all — and  for  this  reason  we 
are  making  a  point  of  our  correspondence  columns 
so  that  we  can  swap  ideas  with  the  man  on  the  job 
— so  that  we  can  answer  a  letter  by  printing  it,  even 
if  it  brings  forth  a  storm  of  contradictory  evidence. 
The  more  contradictions  and  disagreements  the  bet- 
ter for  the  man  who  runs  a  compressor  or  drill — 
for  there  can  be  but  one  "right"  in  an  argument, 
and  discussion  and  controversy  will  boil  down  the 
facts  until    the   "right"   is  proved. 
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A  monthly  magazine  devoted  to  the  useful  application 
of  compressed  air. 

JULY,     1906. 


IMPROVEMENTS    IN  THE  CHAN- 
NELING MACHINE. 

Written  for  COMPRESSED  AIR 
Like    all    dther    labor    saving    niachincs,    the 
cliannelcr   has    been    undergoing   constant    im- 
provement  and    remodeling   until    the   modern 
machine    represents    practically    a    new    design 


that  the  Cleveland  Slime  Co.,  is  replacing  ils 
Wardwell  'Jypc  of  Chaniiclers  with  tlie  new 
Ingersoll  direct-acting  tyi)e  operated  !)y  com- 
pressed air.  .\s  all  (piarrymen  know,  tlie 
Wardwell  was  the  original  type  of  clianneling 
machine  an<l  has  many  friends  in  consecpience. 
but,  as  improvements  liave  been  mafic  in  the 
direct-acting  type,  these  friends  liave  gradual- 
ly come  to  see  that  the  Wardwell  isn't  the  best 
design.  The  chief  stronghold  of  this  machine 
has  been  in  connectiMu  with  sandstone  work. 
Here  the  bits  wear  rapidly,  due  to  grit,  ami 
"lose  their  gage"  as  it  is  called,  it  being  com- 
mon for  steel  working  in  cuts  of  only  6  to  8 
inches  in  depth  to  lose  as  nnich  as  a  half  inch 
of  their  gage.  As  the  cuts  arc  made  from  6 
to  10  feet  deep,  this  means  that  there  is  a  great 
deal  of  reaming  in  sandstone.  /,  c.  the  bit<  nuist 


DIRECT    .VCTING    CIl.XM  HICK     l-ITTKIJ    WITH    .\IK     UKII KATKK . 


from  the  rails  up.  Not  only  have  high  power 
and  cutting  speed  been  secured,  but  endur- 
ance and  reliability  also  have  been  developed 
in  the  newer  models.  Another  and  most  im- 
portant point — economy  of  fuel — has  been 
carefully  studied  with  the  result  that  com- 
pressed air  is  now  being  largely  adopterl  as  the 
motive  power  and  air  re-heaters  arc  rc()lac- 
ing  the  boilers  on  machines  in  the  more  u\)- 
to-date  quarries. 

It  is  of  more  than  passing  interest  to  hear 


be  dressed  out  nearly  to  their  original  width 
and  then  the  cut  reamed  or  widened  out  by 
brute  force.  This  is  very  severe  on  a  clian- 
nelcr machine. 

.Another  feature,  not  conlined.  however,  to 
sandstone,  is  tlie  existence  of  what  the  quarry- 
men  call  "pressure,"  i.  <•.  when  clianneling  lias 
progressed  to  a  certain  depth,  generally  to  a 
bed.  the  rock  may  crush  together,  thus  p.irtly 
or  entirely  closing  up  the  channel. 

The  powerful  lever  f»peration  of  the  Ward- 
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well  type  is  such  that  it  has  great  capacity'  to 
ream  and  handle  this  "pressure,"  and  it  has 
always  been  contended,  therefore,  that  this  was 
a  field  for  which  direct  acting  tj'pe  of  machine 
was  not  adapted  because  the  entire  power  of 
this  style  of  channeler  is  similar  to  that  of  a 
rock  drill  and  consists  of  a  simple  and  direct 
pull  of  the  steam  pressure  on  the  piston. 

To  some  extent  this  criticism  was  true ;  but, 
as  the  direct  acting  type  has  been  improved 
and  made  more  powerful,  this  feature  has  been 
overcome,  until  now  the  direct-acting  tA'pe  may 
be  considered  a   standard   for  all   classes,   not 


ing  5,500  to  6,000  feet  by  the  month,  figured  on 
the  same  basis. 

The  Ingersoll  cuts  so  much  faster  that  it 
takes  an  extra  man  to  "clean  ditch."  It  takes 
more  power,  of  course,  than  the  Wardwell, 
but  the  net  result  is  that,  everything  figured 
in,  there  is  a  saving  of  3.4  cents  per  square 
foot  in  favor  of  the  Ingersoll  machine ;  or  on 
the  above  basis,  of  $7.50  to  $9.00  per  day;  fig- 
uring only  200  days  per  year  this  means  a  net 
saving  of  $1,500.00  to  $r.8oo.oo  per  year  for 
each  machine.  Two  Wardwell  machines,  tak- 
ing a  crew  of  six  men.  will  average  less  rock 


ILLUSTR.\TIXG   METHOD   OF 

excluding  sandstone,  and  its  superiority  has 
been  undisputed  in  the  marble  and  limestone 
quarries  for  many  years. 

'J^vo  years  ago  the  Cleveland  Stone  Co.,  who 
operates  some  35  quarries  in  Ohio  and  other 
States,  mostly  sandstone,  and  who  used  from 
no  to  120  Wardwell  machines,  put  in  an  Ing- 
ersoll 8  inch  track  machine  of  the  direct-act- 
ing type  and  a  record  of  its  work  has  been 
kept  ever  since.  These  records  show  briefly 
that  where  the  Wardwell  machine  cuts  174 
square  feet  per  day  as  an  average  by  the 
month,  which  includes  all  lost  time,  the  Ing- 
ersoll machine  has  made  runs  up  to  258,  280, 
300,  and  even  450  square  feet  per  day,  averag- 


MAKING   MR    CONNECTION. 

cut  than  one  Ingersoll  taking  a  crew  of  f(jur 
men. 

This  difference  in  cost  is  demonstrated  by 
the  experience  of  the  Cleveland  Stone  Co., 
at  their  North  Amherst  Quarry.  Here  it  was 
found  that  IJryant  or  Wardwell  channeling 
machines  cut  on  an  average  of  2,000  feet  of 
stone  per  month,  each  requiring  one  operator 
and  two  helpers.  As  there  are  21  of  these 
machines  in  use,  the  total  channeling  done  is 
42,000  feet  per  month,  costing  approximately 
5.7  cts.  per  foot,  or  $2,400  per  month.  A  direct- 
acting  channeling  machine  requiring  the  same 
labor  demonstrated  that  it  could  easily  cut  an 
average  of  5,500  feet  per  month  and  frequently 
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ran  over  6,000  feet,  making  the  cost  2.35  cents 
per  foot.  In  other  words,  channeHng  with  the 
direct-acting  machines  would  cost  $1,250.00  per 
inontli  instead  of  $2,400.00  per  month  with  the 
old  style  machines.  Account  should  also  be 
taken  of  the  enormous  repair  expense  con- 
nected with  the  former  type  of  machines.  With 
proper  care  the  direct-acting  type  should  out- 
live the  old-fashioned  kind  by  a  considerable 
margin  of  time. 

One  of  the  features  tending  to  produce  the 
high  efficiency  of  the  new  type  of  channeler  is 
the  roller  guide.  By  this  device  the  crosshead 
is  dispensed  with  entirely  and  a  chuck,  forged 
solid  with  the  piston  rod,  receives  the  cutting 
steels.  The  bits  work  between  two  guide  roll- 
ers of  hardened  steel,  guiding  them  on  all  four 
sides.  This  releases  the  machine  from  the 
weight  of  the  heavy  crosshead  and  the  fric- 
tion of  the  steels  in  the  rollers  is  practically 
negligible.  With  this  device  a  split  front  head 
is  required,  held  in  place  by  a  strong  forged 
steel  ring  drawn  on  a  taper  by  cylinder 
through-bolts.  In  changing  steels,  one  or  two 
bolts  are  loosened  and  the  front  roller  lifted 
away,  when  the  steels  may  be  cleared.  The 
guide  rollers  are  mounted  on  a  plate  which 
can  be  raised  or  lowered  on  the  shell  of  the 
machine.  The  use  of  the  roller  guide  permits 
the  machine  to  strike  a  more  rapid  blow  and 
increases  its  cutting  power  and  capacity  in 
material  somewhat  springy  or  elastic  in  nature. 
Perhaps  the  most  important  step  forward, 
however,  in  the  operation  of  channelers  is  the 
increasing  use  of  compressed  air  for  this  pur- 
pose. In  the  earlier  applications  of  compressed 
air  to  these  machines  the  boiler  was  used  as 
a  re-hcater,  but  now,  re-heaters  of  special  and 
compact  design  take  the  place  of  the  boilers, 
thus  greatlj-  adding  to  their  efficiency  and 
economical  operation.  In  the  case  of  the  Cleve- 
land Stone  Company,  the  saving  by  using 
compressed  air  for  the  operation  of  channelers 
is   illustrated  by  the   following  figures : 


Before  using 
com  p.  air. 


Labor  and 
attRn<lanco 

at 
channelers 


1<".  machines  ®  $10, 
$1G0. 


After  using 
comp.  air. 


12  machines  (a  $10, 
$120. 


This  reduction  in  the  number  of  channeling 
machines  is  due  to  the  fact  that  the  heavy  and 
uniform  air  pressure,  always  available,  en- 
ables these  fewer  machines  to  do  more  than 
the  work  formerly  done  by  the  larger  number, 
when  operating  under  the  lower  and  tluctuat- 
ing  pressure  of  steam.  The  use  of  compressed 
air  also  permits  of  generating  the  entire  i)ower 
supply  at  a  central  compressed  air  power  house 
where  the  most  economical  boilers  and  com- 
pressors may  be  installed,  thus  eliminating  the 
expensive  and  uneconomical  "temporary"  boil- 
•ers  usually  found  on  channeling  machines. 


A      COMPRESSED       AIR       STONE 
WORKING  PLANT. 

We  are  in  receipt  of  the  following  letter 
from  James  Home,  manufacturer  and  dealer 
in  marble  and  granite,  at  Luverne,  JMinn.  We 
understood  some  time  ago  that  Mr.  Home  had 
installed  compressed  air  tools  and  that  the 
results  attained  were  of  more  than  ordinary 
interest.  W^e,  therefore,  wrote  him  for  a  de- 
scription of  his  plant  and  a  statement  of  the 
saving  which  has  resulted  from  the  use  of 
compressed  air.  In  reply  we  receive,!  a  letter 
which  we  consider  of  sufficient  interest  to 
print  in  full,  as  follows: — 

To  the  Editor  of  COMPRHSSED  AIR: 

De.\r  Sir: — 'T  recently  installed  an  air  plant 
for  the  operation  of  pneumatic  tools  for  cut- 
ting stone,  having  previously  acquired  a  Lenox 
gasoline  engine  for  operating  my  polisliing 
machine.  1  purchased  a  Blaisdeil  6x6  open- 
frame  compressor  fitted  with  Jarecki  unloading 
device  and  a  6  ft.  by  2  ft.  air  receiver.  These 
1  set  up  myself  with  the  aid  of  instructions 
and  blue  prints  furnished  by  the  manufacturers. 

"My  compressor  has  a  capacity  of  30  ft. 
of  free  air  per  minute  when  operating  at  Us 
normal  speed  of  150  R.  P.  M.,  and  furnishes 
sufticient  power  for  7  hand  tools.  When  using 
but  one  or  two  tools  I  operate  this  compressor 
at  60  R.  P.  M.,  which  J  have  found  furnishes 
sufficient  air  and  at  the  same  time  saves  un- 
necessary wear  and  tear. 

"I  have  located  my  air  plant  in  the  basement 
as  by  so  doing  1  obtain  clean  air,  free  from 
dust  and  grit  and  with  very  little  variation  in 
temperature.  Located  under  the  fioor  is  a  0 
ft.  X  7  ft.  cistern  for  holding  the  cooling  water 
for  tlie  compressor  and  gas  engine  cylinder 
jackets  which  are  piped  up  in  such  a  way  that 
all  drains  lead  back  into  the  cistern,  thus  ob- 
viating the  danger  of  bursting  pipes  or  jackets 
in  the  winter  by  water  freezing  in  them. 

"1  used  Dallett  tools  of  various  sizes  and 
they  are  giving  splendid  satisfaction.  They 
are  very  economical  in  the  use  of  air  as  I  have 
operated  one  ',j-inch  to<il  for  one  hour  after 
the  compressor  stopped  when  the  pressure 
gage  indicated  "N  lbs.,  the  i)oint  at  which  the 
unloader  was  set  to  shut  the  air  inlet,  to  start 
with,  and  it  operated  successfully  till  the  pres- 
sure went  down  to  40  and  even  below  30  lbs. 

".My  limited  experience  in  the  use  of  llie 
smaller  hand  tools  on  various  kinds  of  gran- 
ite, marble  and  stone  have  proved  to  me  that 
they  arc  a  great  labor  saver,  especially  for 
tracing  granite,  in  which  c.ise  one  man  can  do 
the  work  of  four  and  do  a  "smoother"  JdIi, 
than  the  four  could  do  in  the  same  time  by  the 
old  method.  In  cutting  the  sunk  and  raised 
leters,  margin  lines,  chambers  and  other  light 
work,  the  saving  is  just  about  one  half  com- 
pared with  the  old  process. 
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"This  is  only  my  individual  and  rather  lim- 
ited experience,  but  others,  of  course,  are  like- 
ly to  come  to  different  conclusions,  accord- 
ing as  they  are  more  or  less  adaptable  to  mod- 
■ern  methods  of  doing  the  same  old  work. 

"One  little  trouble  I  experienced  from  the 
start,  I  will  relate,  as  it  may  meet  the  eye  of 
some  other  monument  man  who  runs  a  tool 
himself  and  who  also  finds  it  to  his  interest 
to  be  able  at  any  moment  to  present  himself 
neat  and  clean  in  appearance  in  his  show 
room,  especially  if  he  be  a  single  man  and  his 
visitor  a  beautiful,  fastidious  and  rich  young 
widow,  whom  he  wishes  particularly  to  land 
for  a  good  order,  not  to  mention  more  lofty 
aspirations.  The  tool  would  sputter  an  oily 
liquid  over  everything  in  its  immediate  vicinity 
when  m  operation.  I  obviated  this  by  cutting 
down  the  supply  of  oil  to  the  cylinder  of  the 
compressor  and  opening  the  drain  cock  at  the 
bottom  of  the  receiver  every  night  at  quitting 
time  and  leaving  it  open  for  a  minute  next  day 
after  starting  up.  It  is  surprising  the  amount 
of  water  that  forms  in  compressed  air  in  a 
day's  run. 

"Yours  truly. 

"James  Horxe. 

"Luverne.    Alinn." 


COMPRESSED    AIR  AS  A  MOTIVE 
POWER  IN  THE  QUARRY 


BY    GEO.    11.    GILLM.W. 


Compressed  air  to  the  average  mind  con- 
veys rather  a  vague  meaning  which  ranges 
fnini  the  paper  bag  blown  up  ])y  the  child, 
with  a  view  of  producing  a  report  by  sudden- 
ly l)ursting  it,  to  the  motive  power  of  some  of 
tile  largest  traction  engines  which  are  supplied 
with  air  up  ti)  3,000  pounds  pressure  per  square 
inch. 

At  lirst  thought  it  appears  strange  that  the 
air  which  we  breathe  and  which  possesses  in 
its  natural  state  neither  power  nor  energy,  is 
by  its  agency  revolutionizing  the  i|uarry  in- 
dustry in  all  quarters  of  the  globe.  Although 
dating  back  as  far  as  1556  we  have  records  of 
compressed  air  being  used  as  a  means  of  mine 
ventilation ;  it  is  only  during  the  past  few 
years  that  it  has  become  recognized  as  a  main 
quarrying  power,  except  perhaps  as  a  motive 
power  to  operate  the  reciprocating  piston  type 
of  rock  drills,  which  application  dates  back  to 
the  excavation  of  the  Hoosac  tunnel. 

To-day  there  is  hardly  any  mechanical  de- 
vice used  in  the  quarry  which  has  not  been 
successfully  operated  by  compressed  air,  and 
♦Railway  Exchange  Building  Chicago. 


new  applications  are  being  found  for  it  every 
day  which  are  surprising  in  their  number  and 
variety.  It  is  true  that  its  adoption  has  been 
slow,  which  is  due  to  the  fact  that  quarry 
owners  as  a  rule  have  been  educated  in  the 
practical  school  of  experience,  and  their  meth- 
ods have  not  afforded  a  great  opportunity  for 
experimenting.  The  air  compressor,  which  has 
justly  been  termed  the  heart  of  the  plant,  is 
made  in  a  great  many  ditTerent  forms,  but  the 
most  commonly  adopted  at  the  present  day, 
consists  of  a  reciprocating  piston  in  a  cylinder 
provided  with  heads  in  which  are  valves  so  ar- 
ranged that  when  the  piston  moves  on  its  rear- 
ward stroke  air  is  sucked  in  filling  the  space 
b.'tween  the  cylinder  head  and  the  piston 
with  air  at  atmospheric  pressure.  When  the 
piston  advances  on  its  forward  stroke  this  air 
is  compressed  between  the  piston  and  the 
cylinder  head  and  is  forced  out  through  an 
independent  set  of  valves,  commonly  termed 
outlet  valves,  which  are  in  direct  communica- 
tion with  the  receiving  tank  from  which  it  is 
conducted  by  pipe  and  hose  line  to  the  work. 

Any  form  of  power  available  maj'  be  used  to 
operate  the  compressor.  The  most  common 
forms  used  are  steam,  electricity  and  water.  All 
of  these  in  the  past  have  been  rivals  of  com- 
pressed air,  but  to-day  thej-  content  themselves 
by  working  hand  in  hand  with  this  master 
power  for  a  common  object,  and  their  place  in 
an  equipment  of  an  up-to-date  quarry  is  as  a 
generator  of  power  in  the  central  plant  rather 
than  as  a  motive  power  at  the  work.  It  is  true 
that  the  advantages  of  compressed  air  have 
been  long  recognized,  and  it  is  also  true  that 
these  advantages  until  recent  years  were  only 
gained  at  high  expense,  but  in  a  modern  air 
plant  these  old  theories  of  loss  and  efficiency 
have  been  exploded  as  in  the  plant  of  the 
Cleveland  Stone  Co..  at  North  Amherst.  Ohio, 
where  for  a  number  of  years  the  machinery 
operated  in  this  ])lant  re(|uired  forty-nine  sep- 
arate steam  boilers  aggregating  2.000  horse- 
power. They  now  have  a  central  compressed 
air  plant  operating  the  independent  machines 
with  air  instead  of  steam  and  requiring  only 
750  horse  power  to  operate  them  all.  These 
machines  operating  by  air  consist  of  recipro- 
cating rock  drills,  plug  drills,  channeling  ma- 
chines, hoisting  engines,  pumps,  Corliss  en- 
gines, grindstones,  lathe  engines,  steam  ham- 
mers, sawmills  and  other  devices  ;  in  fact  every 
mechanical   contrivance  in   use  on   their  quar- 
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ries.  Air  is  distributed  from  the  central  plant 
over  a  large  area,  and  supplies  motive  power  to 
operate  three  different  quarries  and  several 
mills,  and  the  fact  is  that  this  plant  is  con- 
suming but  one-fourth  the  fuel  which  was  for- 
merly spent  for  a  given  duty. 

One  of  the  greatest  drawbacks  heretofore 
met  with  in  the  operation  of  a  compressed  air 
plant  and  one  which  has  been  a  bugbear  in  the 
minds  of  those  contemplating  the  installation 
of  such  a  plant  is  the  matter  of  freezing. 
The  presence  of  moisture  in  compressed  air 
is  an  unavoidable  condition,  existing  in  the 
atmosphere  at  all  times  in  greater  or  less 
quantit}-.  When  air  is  compressed  the  moist- 
ure is  consequently  carried  with  it.  and  when 
the  air  is  expanded  in  the  cylinders  of  the 
drills  and  tools  while  doing  its  work,  cold  is 
produced  as  the  pressure  falls  and  the  latent 
heat  of  compression  is  taken  up.  Consequentlv 
the  moisture  contained  in  the  air  is  changed 
into  frost,  which  accumulates  in  the  exhaust 
passages  and  retards  the  action  of  the  tools. 
There  have  been  several  ways  and  means  de- 
vised for  preventing  trouble  in  this  direction. 

The  first  of  these  and  perhaps  the  most  sat- 
isfactor\-.  is  to  eliminate  the  moisture  from  the 
air  after  it  is  compressed  and  before  it  enters 
the  pipe  line.  This  is  best  accomplished  by  an 
after-cooler,  placed  between  the  compressor 
and  the  receiving  tank.  Such  a  device  consists 
of  a  tank  containing  a  number  of  tubes  placed 
closely  together  (an  old  boiler  will  sometimes 
make  a  very  effective  cooler)  through  which 
water  circulates.  The  compressed  air  enters 
at  one  end  of  the  after  cooler  and  passes  sev- 
eral times  around  the  tubes  by  suitable  baffle 
plates  placed  in  such  a  manner  that  the  air  is 
broken  into  thin  layers,  and  traverses  the  en- 
tire length  of  the  tank  a  number  of  times  be- 
fore it  enters  the  pipe  line  from  the  opposite 
end  to  that  which  it  entered. 

Too  much  cannot  be  said  in  order  to  have 
the  pipe  line  of  ample  size.  Air  in  passing 
through  pipes  is  subject  to  a  loss  in  pressure 
due  to  friction  against  the  walls,  and  obstruc- 
tructions  in  the  line:  hence  it  should  be  borne 
in  mind  by  parties  contemplating  the  installa- 
tion of  a  compressed  air  plant,  to  have  the  line 
as  free  from  obstructions  as  possible  with  the 
least  number  of  turns  possible  and  the  pipe 
line  of  ample  size. 

The  second  advantage  lies  in  economy  of 
power  at  the  compressor.  The  effect  of  temp- 
erature upon  volume  of  air  is  to  increase  the 
volume  or,  if  the  volume  of  air  is  confined  in 
a  given  space,  the  effect  would  be  to  increase 
the  pressure.  As  we  expend  work  upon  air 
either  by  heating  or  compressing  it.  we  there- 
1)y  endow  it  with  energy  which  it  may  part 
with  later  in  doing  work,  but  it  might  be  best 
stated  that  it  pays  to  put  energy  into  the  air 


by  reheating  it  only  when  the  air  is  applied 
to  do  the  work  immediately.  Otherwise,  en- 
ergy imparted  to  the  air  by  the  application  of 
heat  would  be  lost  by  radiation  and  conducted 
to  neighboring  bodies. 

At  low  pressure  a  greater  volume  of  air 
is  required  to  furnish  a  given  power  than 
at  high  pressure,  and  in  this  advanced  age 
where  the  pass  word  of  the  quarry  as  well 
as  in  other  spheres  of  life  is  "hustle  and  get 
there"  the  tendency  has  been  to  increase  the 
pressure  ,so  that  the  tools  may  be  worked  to 
their  full  capacity.  One  hundred  pounds  per 
square  inch  is  a  common  pressure  to  be  found 
in  the  up-to-date  quarries,  while  some  oper- 
ators prefer  even  higher  pressure,  and  it  is 
not  an  uncommon  occurrence  to  see  the  gauge 
arrow  pointing  to  the  125  lb.  mark.  Builders 
of  pneumatic  appliances  are  falling  in  line  and 
constructing  their  machines  with  a  view  of 
accommodating  this  increase  of  pressure,  and 
parties  contemplating  the  installation  of  a 
compressed  air  plant  should  invariably  con- 
sult the  builders  of  the  machines  to  be  used, 
who  will  be  only  too  glad  to  give  them  the 
advice  of  their  e.xperience.  which  must  neces- 
sarily have  been  varied  in  this  particular  line. 

COMPRESSED  AIR  IN  A  GRANITE 
QUARRY. 

.\  most  interesting  application  of  compressed 
air  has  recently  been  inaugurated  at  the  quarrj- 
of  the  North  Carolina  Granite  Corporation,  at 
Mt.  -Airy.  N.  C.  It  consists  of  the  cleavage  of 
granite  by  means  of  compressed  air  in  the 
faces  or  ledges  of  the  hill-side  upon  which  the 
quarry  is  located.  The  property  covers  an 
area  of  considerable  extent,  consisting  of  a 
perfectly  solid,  homogeneous  mass  of  moder- 
ately hard  granite  which  shows  no  ledges  or 
h.^d  planes  whatever,  but  splits  readily  in  a 
straight  line  in  almost  any  direction.  In  order, 
therefore,  to  operate  the  quarry  upon  the  most 
advanced  and  economical  principles,  advantage 
has  been  taken  of  the  ease  with  which  this 
stone  may  be  split,  and  artificial  ledges  have 
been  made  to  which  the  work  may  be  carried 
from  the  surface.  Large  sheets  or  lamina- 
tions of  granite  are  separated  from  the  hill  by 
the  combined  use  of  powtlcr  and  compressed 
air.  The  stone  is  then  split  into  suitable  sizes 
for  building  material,  paving  blocks,  curbing, 
lintels,  and  stock,  for  monumental  work. 

In  tile  center  of  the  sheet  or  area  to  Ik.-  lifted, 
a  2  or  .s-in.  drill  hole  is  sunk  to  a  depth  of  6  to 
.S  ft..  d\-pf'ifl'"K  ""  ''1^  maximum  thickness  of 
stone  required.  The  bottom  of  this  <lrill  hole 
is  enlarged  into  a  pocket  by  exploding  half  a 
stick  of  dynamite.  .A  small  charge  of  pmvder, 
about  a  handful,  is  then  exploded  in  the  pock- 
et, resulting  in  starting  a  horizontal  crack  or 
cleavage  across  its  greater  diameter.  Charges 
increasing  in  size  are  then  exploded  in  the 
cavitv.   the  drill   hole  being  plugged   for  each 
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blast  to  confine  the  powder  gases  and  thus 
exert  a  more  or  less  constant  force  upon  the 
stone. 

After  the  cleavage  has  extended  to  a  radius 
of  75  or  100  ft.  in  all  directions  from  the  lift 
hole,  a  pipe  is  cemented  into  the  latter  and 
connected  by  a  globe  valve  to  a  pipe  line  from 


ly  employed  in  the  same  quarry.  For  a  num- 
ber of  years  the  practice  of  splitting  ledges  in 
the  same  manner  with  powder  only,  as  fol- 
lowed in  quarries  in  the  Lithonia  and  Stone 
}klountain  districts  of  Georgia,  was  used  in  this 
quarry.  This  system,  however,  was  not  entire- 
ly   satisfactory.      The    amount    of   powder    re- 


Key: — B-Lift  or  Drill  Hole:    BC-Area  Cleaved  by  Powder:     AFF-Area  Cleaved  by  Compressed 
Air;  DE-Thin  Edge  on  down  hill  side  of  Quarry  where  Air  Escaped. 


an  air  compressor.  Comnressed  air  at  70  to 
80  lb.  pressure  is  gradually  admitted  through 
this  connection  causing  the  cleavage  to  be  rap- 
idly extended  until  it  comes  out  on  the  hill- 
side in  a  thin  edge  down  hill  from  the  lift  hole. 
A  sheet  of  several  acres  in  extent  may  be 
raised  in  this  manner,  affording  a  bed  plane 
annroximately  horizontal,  to  which  the  quar- 
rymen  can  work,  thus  securing  from  different 
parts  of  the  sheet  stone  of  any  required  thick- 
ness. 

This  method  was  not  perfected  in  a  daj'.  but 
is  a  gradual  development  of  methods  previous- 


quired  is  necessarily  considerable,  and  the  time 
required  for  splitting  a  large  area  of  granite 
is  quite  long,  since  unless  reasonable  care  is 
taken  and  time  is  afforded  for  the  stone  to 
split  gradually  by  natural  expansion  and  con- 
traction, the  force  of  the  explosion  brings  the 
cleavage  abruptly  to  the  surface. 

Some  time  ago,  water  under  pressure  was 
substituted  for  powder  in  the  quarry  after  the 
cleavage  had  extended  some  little  distance 
from  the  drill  hole.  This  method  was  found 
to  be  an  improvement  over  the  use  of  powder 
only,  but  was  surpassed  in  economy  and  con- 
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venieiice  Ijy  using  compressed  air  after  the 
company  installed  a  new  Sullivan  air  compres- 
sor last  season.  When  the  compressed  air  was 
first  tried,  the  full  pressure  of  80  lb.  was  ad- 
mitted into  the  cavity,  which  had  previously 
been  extended  some  75  or  100  feet  from  the  lift 
hole.  The  power  of  the  air  was  too  great, 
however,  for  the  character  of  the  stone,  caus- 
ing the  cleavage  to  turn  abruptly  to  the  sur- 
face. A  new  drill  hole  was  sunk  in  another 
part  of  the  quarry,  and  the  cleavage  started  by 
powder  in  the  same  manner  as  before.  The 
compressed  air  pipe  was  then  attached  again 
and  the  air  admitted  very  gradually.  The 
stone  could  soon  be  heard  cracking  in  all  direc- 
tions and  in  about  half  an  hour  the  cleavage 
came  to  the  surface  on   tlie  hillside   some  22^ 


in  any  quarry  in  the  country.  The  e<|uipment 
of  the  quarry  is  modern  in  every  respect,  in- 
cluding 35  pfug  drills,  3  Sullivan  tripod  drills. 
4  Sullivan  quarry  bars,  15  surfacing  machines 
and  60  small  hand  tools.  These  are  all 
operated  by  air  power  from  a  Corliss  air 
compressor,  furnished  by  the  Sullivan  Ma- 
chinery Co..  of  Chicago.  This  compressor  is 
of  the  two-stage  type,  with  a  piston  displace- 
ment of  2,000  cu.  ft.  of  free  air  per  minute 
when  operating  at  78  r.p.m.  against  80  to  100 
lb.  terminal  pressure.  The  steam  cylinders  of 
the  compres.sor  are  16  and  28-42-in.,  and  the 
air  cylinders  16  and  26.\42  in.  Semi-rotary  or 
Corliss  air  inlet  valves  are  used  actuated  by 
separate  eccentrics  on  the  engine  shaft.  They 
are    of    relatively    large    dimiirtiT    aiifl    remain 
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ft.  down-hill  from  the  lift  hole.  The  time 
required  for  extending  the  cleavage  by  powder 
for  100  feet  was  between  two  and  three  weeks, 
while  to  split  a  larger  area  to  the  radius  of 
225  ft.  required  only  half  an  hour  when  com- 
pressed air  was  used. 

The  accompanying  sketch  or  plan  shows  the 
area  covering  nearly  2^  acres,  lifted  by  this 
means.  Only  a  portion  of  the  cleavage  ex- 
tended to  the  surface,  owing  to  the  thickness 
of  the  sheet  on  the  up-hill  portion  of  the  slope. 
The  ledge  or  bed  plane  thus  formed  was 
reached  by  quarry  bars  and  drills  in  the  usual 
manner.  It  is  believed  that  tiiis  is  the  only 
quarry  where  compressed  air  is  used  to  split 
granite  in  this  manner,  and  it  can  readily  be 
seen  that  the  method  affords  a  great  saving  of 
time  and  expense. 

The  granite  for  many  building  and  paving 
purposes  is  produced  by  this  and  other  econ- 
omical methods  of  operation  at  a  price  com- 
paring favorably   with   the  cost  of   production 


CUTTING    SIIKD. 

open  during  the  entire  stroke,  but  close  very 
quickly.  The  poppet  air  discharge  valves  arc 
in  the  cylinder  heads,  and  act  in  a  direction 
parallel  with  the  piston  rod.  The  air  supply 
is  drawn  from  outside  tiie  engine  room  insur- 
ing colder,  cleaner  and  drier  air.  The  air 
cylinders  and  cylinder  heads  arc  water-jack- 
eted, and  there  is  a  large  receiver-intcrcooler 
between  the  high  and  low-pressure  air  cylin- 
ders. The  steam  end  is  a  Sullivan  heavy-duty 
Corliss  cross-compound  condensing  engine,  to 
the  rear  of  which  the  air  cylin<lers  are  coupled 
in  tandem.  All  cylinders,  both  steam  and  air. 
are  made  with  loose  liners,  forced  into  the 
cylinder  castings  by  hydraulic  pressure.  A 
steam  receiver  and  reheater  is  situated  be- 
tween the  high  and  low-pressure  steam  cylin- 
ders, below  the  Moor  line. 

The  quarried  stone  is  handled  from  the 
quarry  to  a  h5x3^>o-ft.  cutting  shed,  or  to  cars 
on  a  railroad  track,  by  nine  cableways.  An  in- 
cline is  also  provided  for  loading  rough  stone 


4106 


COMPRESSED     AIR. 


for  shipment.  The  engine  room,  offices  and 
cutting  and  finishing  sheds  are  of  modern  de- 
sign. The  boiler  and  engine  house  is  112x53 
feet,  and  contains  two  Heine  210  h.  p.  water 
tube  boilers,  a  150  h.  p.  Ideal  compound  engine 
coupled  direct  to  a  100  k.  w.  Bullock  generator, 
and  the  air  compressor  above  described.  The 
cutting  shed  is  360x65  feet  in  size.  Stock  is 
handled  by  a  20-ton  Pawling  &  Harnischfeger 
electric  crane,  with  a  5-ton  auxiliary  hoist. 


PNEUMATIC     COAL-BORING 
MACHINES  AND  TOOLS.* 

BY    W.    LVXCH. 

1  have  been  told  by  mining  engineers  in  the 
South  Staffordshire  district  that  a  rotary 
power-drill  was  w-anted,  as  the  material  in 
which  the  holes  were  drilled  when  driving 
headings,  etc.,  was  too  soft  to  admit  of  the 
use  of  the  percussion  type  of  drill,  and  the  tool 
became  clogged.  Some  three  years  ago,  there- 
fore, I  experimented  in  one  of  the  mines  with 
an  ordinary  pneumatic  drill  as  used  in  boiler- 
works,  but  w'as  not  successful,  because  the 
feeding  had  to  be  done  by  hand. 

Pneumatic  tools  may  be  divided  into  two 
classes,  namely,  rotary  and  percussion-rotary 
machines.  The  latter,  which  gives  a  percus- 
sion-blow, are  used  for  chipping,  calking,  riv- 
etting,  etc. 

LITTLE  GIAXT  AND  WHITELAW 
MACHINES,  FITTED  WITH  ROCK  AND 
ORE-BORIXG  ATTACHMENT.— The  Lit- 
tle Giant  and  Whitelaw  piston  air-drills  are  of 
a  rotary  type.  They  are  probably  well  known 
to  some  of  the  members  in  their  capacity  of 
metal  and  wood-boring  machines,  but  the  ap- 
plication of  the  rock  and  ore-boring  attach- 
ment has  converted  them  into  valuable  ma- 
chines for  the  quarry-owner.  They  w-ill  drill 
holes  up  to  2  in.  in  diameter,  in  hard  iron  ore 
and  similar  material,  at  the  rate  of  3  ft.  per 
minute,  the  maximum  depth  attained,  without 
shifting  the  bit,  being  6  ft.  The  total  weight 
of  the  heaviest  machine  being  about  50  lb.,  all 
sizes  can  be  readily  set  up  and  operated  by  one 
man. 

The  rock  and  ore-boring  attachment  consists 
of  a  split  nut,  of  simple  and  efficient  construc- 
tion, and  the  halves  are  readily  replaced  when 
\vorn  out.  When  drilling,  the  links  connecting 
the  halves  of  the  nut  are  locked,  and  the  nut 
can  be  opened  b\'  one  movement  of  the  links 
so   that   the   screw-bar   can   be   at   once   with- 
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drawn  and  the  drill-bit  changed.  The  best  re- 
sults can  be  obtained  wath  air  at  a  pressure  of 
80  to  100  lb.  per  sq.  in.,  but  the  machines  can 
be  operated  with  50  lb.,  the  air-consumption 
at  the  lower  pressure  being  about  20  cu.  ft.  of 
free  air  per  minute. 

LITTLE  GIANT  AND  WHITELAW 
ORE-BORING  MACHINES,  FITTED 
WITH  RF-FEED. — These  machines  are  sim- 
ilar in  character  to  the  split-nut  type,  but  are 
fitted  with  several  novel  and  important  de- 
tails, by  which,  in  the  event  of  the  drill-point 
meeting  an  obstruction,  the  drill  will  be  auto- 
matically withdrawn  for  about  2  in.  and  then 
re- fed  forwards,  the  whole  of  the  operations 
taking  place  automatically,  with  the  motor 
continuously  in  the  forward  direction.  The 
resistance  at  which  the  slip  will  take  place  is 
readily  adjusted  to  suit  varying  conditions  and 
circumstances.  In  this  type  of  machine,  the 
piston  air-drill  drives  a  quick-pitch  screws-bar 
bj"  means  of  a  train  of  differential  gears,  which 
can  be  varied  to  give  any  range  of  feed  re- 
quired from  1-12  in.  per  revolution.  This  is 
an  important  feature,  as  the  slow  feed  is  ob- 
tained in  conjunction  with  a  screw  of  coarse 
pitch,  so  that,  by  operating  the  lever  con- 
trolling the  clutch-gear,  the  screw-bar  and  the 
drill-bit  are  withdrawn  at  a  rate  equal  to  the 
pitch  of  the  screw.  The  weight  of  the  com- 
plete machine  is  about  60  lb.,  and  it  will  drill 
holes  2  in.  in  diameter  at  the  rate  of  3  to  4  ft. 
per  minute. 

At  some  ironstone  mines,  in  the  Cleveland 
district,  the  No.  8  Whitelaw  machine  drilled 
40  holes,  i^  in.  in  diameter,  per  shift,  obtain- 
ing 66  tons  of  material,  or  an  average  of  i  ton 
13  cwt.  per  hole,  the  air-consumption  per  min- 
ute, at  a  pressure  of  50  per  sq.  in.,  being  20  cu. 
ft.  Tw'O  of  these  machines,  when  obtaining 
an  average  of  132  tons  per  shift  with  a  total 
air-consumption  of  40  cu.  ft.  of  free  air  per 
minute,  kept  13  men  fully  employed.  Com- 
paring the  work  done  by  two  Whitelaw  ma- 
chines with  that  accomplished  by  another  type 
of  pneumatic  drill  in  use  at  these  ironstone 
mines,  it  was  found  that  the  two  Whitelaw- 
machines  were  capable  of  doing  one-third  more 
work.  Further,  while  one  man  could  lift  the 
Whitelaw  machine  with  ease,  the  other  ma- 
chine, on  account  of  its  great  weight,  required 
a  horse,  as  well  as  a  man  and  a  bo}-,  to  move 
it  from  one  part  of  the  mine  to  another. 

At    Cowpen    colliery,    near    Newcastle-upon- 
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Tyiie.  witli  a  Xo.  I  Little  Giant  drill,  with  the 
ore-boring  attachment,  having  a  feed-screw 
of  5  threads  to  the  inch,  a  hole  was  drilled  in 
stone  to  a  depth  of  2  ft.  10  in.,  with  drills  i^ 
in.  in  diameter,  in  3  minutes  36  seconds,  in- 
cluding the  time  occupied  in  changing  the 
drills.  A  hole  of  similar  length  is  drilled  by 
hand  in  20  to  30  minutes.  In  coal,  a  hole  was 
bored  bj'  the  machine  to  a  depth  of  3  ft.  in  2 
minutes  50  seconds,  including  the  time  occu- 
pied in  changing  the  drills;  the  same  work. 
when  done  by  hand,  occupies  about  10  minutes. 

THE  BOYER  HAMMER  WITH  A  RO- 
TATING DEVICE. — This  machine,  designed 
for  various  classes  of  plug-and-feather  work, 
is  in  use  in  the  majority  of  the  leading  quar- 
ries throughout  Great  Britain.  It  is  made  in 
three  sizes  as  follows:  i  1-16  in.  by  4  in., 
adopted  for  light  drilling;  15-16  in.  by  iVS 
in.,  for  medium  drilling;  and  i  5-16  in.  by  3  in. 
for  heavy  drilling.  The  best  results  arc  se- 
cured with  an  air-pressure  of  80  lb.  per  sq.  in., 
and  the  hammers  consume  approximately  20 
cu.  ft.  of  free  air  per  minute  at  this  pressure. 
The  A  type  has  an  automatic  rotating  attach- 
ment ;  and  the  B  type  has  a  rotating  attach- 
ment operated  by  hand,  the  tool  used  being  an 
improved  type  of  the  well-known  Xo.  i  Boyer 
chipping-hammer.  The  light  weight  of  these 
machines  admits  of  their  being  easily  held  by 
hand,  and  they  are  therefore  successfully 
utilized  for  either  top  or  side-line  work. 

On  account  of  the  light,  rapid  blow  em- 
ployed, the  drills  used  with  these  machines 
do  not  require  sharpening  so  frequently  as 
hand-drills ;  and  20  holes  have  been  drilled 
with  one  of  these  machines,  without  re-sharp- 
ening the  drill-bit.  The  nose  of  the  machine 
is  constructed  for  the  use  of  standard  j^-in. 
quarter  octagonal  steel-drills,  thereby  effecting 
a  considerable  saving  in  the  time  and  expense 
of  making  drills. 

On  one  occasion,  131  plug-holes,  5^-in.  in 
diameter  by  3  in.  in  depth,  were  drilled  in  hard 
granite  with  one  of  these  machines  in  140  min- 
utes, including  the  lining,  changing  of  drills, 
etc.  In  a  limestone  pit,  this  tool  has  drilled  a 
hole  i^  in.  in  diameter,  2  ft.  2  in.  deep,  in  35 
minutes. 

HAND  ROCK-DRILL.— The  hand  rock- 
drill  is  adaptable  for  use  either  by  hand 
or  with   a   tripod,   and   its   light   weight,   rapid 


stroke,  compactness  and  economy  in  air-con- 
sumption give  it  a  great  advantage  over  other 
machines  of  this  class.  The  device  for  free- 
ing the  hole  from  borings  is  a  tube,  which  en- 
velops the  drill-bit,  and  by  means  of  a  blast  of 
air  running  through  it  the  hole  is  completely 
cleared  of  all  obstructions.  This  arrangement 
is  valuable  in  cases  where  the  class  of  rock 
that  is  being  drilled  does  not  necessitate  the 
use  of  water.  A  water  connection,  using  hol- 
low drilled-steel,  can  be  fitted  when  required. 
The  machine,  made  in  two  sizes,  has  a  stroke 
of  25/2  in.,  and  drills  holes  i  in.  and  i^  in.  in 
diameter,  with  a  consumption  of  30  and  45  cu. 
ft.  of  free  air  per  minute  respectively,  at  an 
air-pressure  of  80  to  90  lb.  per  sq.  in. ;  and  the 
drills  weigh  25  and  45  lb.  each  respectively. 

In  limestone  quarries,  these  drills  are  capable 
of  boring  holes  i  in.  in  diameter  and  2  ft.  deep 
in  16  minutes.  The  drill  can  be  used  in  any 
direction,  either  horizontally,  verticallv  or 
overhead.  In  a  quarry  in  Wales,  holes  i  1-16 
in.  in  diameter  and  7  in.  deep  were  drilled  into 
Pennant  Rock  in  4  minutes  ;  and  the  hose  used 
for  conveying  air  for  blowing  the  dust  from 
the  holes  was  worked  successfull}-.  With  these 
drills,  a  hole,  Y^  in.  in  diameter,  can  be  drilled 
5  in.  in  granite  in  i  minute,  and  this  speed  can 
be  kept  up  all  day. 

The  drills  have  also  been  used  in  reniDving 
the  concrete  foundations,  preparatory  to  the 
erection  of  the  Ritz  Hotel,  in  Piccadilly,  Lon- 
don, where,  in  excavating  the  site,  the  con- 
tractors unexpectedly  came  upon  an  old  raft  of 
concrete  belonging  to  the  buildings  formerly 
on  the  ground.  This  was  3  ft.  thick,  but  it 
was  readily  removed  with  little  difficulty,  with 
the  aid  of  these  drills.  Cartridges,  with  small 
charges  of  explosives,  were  used  for  blasting, 
to  avoid  any  danger  of  disturbance,  and  the 
concrete  was  broken  off  in  small  lumps,  easy 
to  handle. 

COXCLL'SIOX. — There  is,  in  my  opinion, 
larger  scope  for  the  use  of  rock-drills  in  this 
country  than  has  up  to  the  present  been  real- 
ized ;  in  many  of  the  slate  and  stone  quarries 
the  old  system  of  hand-drilling  is  still  in 
vogue,  and  even  where  machine  drills  have 
been  adopted,  they  are  frequently  found  to  be 
of  old  design  and  often  discarded,  no  attempt 
being  made  to  keep  them  in  working  order,  or 
to  replace  them  by  modern  machines. 
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A  HIGH  PRESSURE    GAS    DISTRI- 
BUTION   SYSTEM* 

There  is  in  this  country  a  growing  tendency 
to  distribute  gas  at  high  pressure  for  consid- 
erable distances,  and  one  of  the  largest  sys- 
tems of  this  kind  is  that  operated  by  The 
Western  United  Gas  &  Electric  Co.,  having 
its  headquarters  at  Aurora.  111.  This  company 
serves  about  19,600  consumers  in  25  cities, 
towns  and  villages,  by  means  of  pipe  lines  ag- 
gregating 431  miles  in  length.  These  towns 
have  an  aggregate  population  of  140.000  and 
the  extreme  distance  between  them  is  $2 
miles.  The  gas  is  used  for  domestic  heating, 
lighting  and  cooking;  but  also  to  some  extent 
for  street  lighting  and  for  power  purposes, 
driving  gas  engines,  etc.  The  accompanying 
map  shows  the  routes  of  the  pipe  lines  with 
their  sizes  and  lengths.  For  particulars  re- 
specting this  system  we  are  indebted  to  Mr. 
H.  L.  Rice,  general  manager  of  the  Western 
United  Gas  &  Electric  Co.,  and  we  have  also 
drawn  part  of  our  information  from  a  paper 
read  by  him  before  the  American  Gas  Light 
Association.  ^Ir.  P.  O'Malley  is  Superintend- 
ent of  the  Works,  and  Mr.  Howard  G.  Still- 
son  is   Superintendent  of  Distribution. 

In  T902  the  Aurora  Gas  Light  Co.  built  a  line 
12  miles  long,  running  north  in  the  Fox  River 
valley  and  serving  four  towns ;  in  1903  the  La 
Grange  Gas  Co.  built  a  line,  and  these  have 
been  connected  up  and  extended  by  the  present 
company.  There  are  now  about  100  miles  of 
high-pressure  main  pipe  line,  286  miles  of  low- 
pressure  mains,  and  45  miles  of  direct  high- 
pressure  distributing  mains.  The  high-press- 
ure pipes  are  of  steel,  with  screw  joints,  and 
range  from  8  ins.  down  to  ^-in.  diameter. 
The  low  pressure  pipes  are  of  cast  iron  for 
diameters  of  16  ins.  down  to  3  ins.,  the  small- 
est low-pressure  pipes  being  2  in.  steel  distrib- 
uting mains.  The  long-distance  mains  are 
generally  laid  along  the  roads,  in  which  case 
the  company  has  to  obtain  the  frontage  con- 
sent on  one  or  other  side  of  the  road.  In 
a  few  instances  the  mains  are  laid  across  the 
fields,  and  in  this  case  special  arrangements 
are  made  with  the  owners  of  the  land.  The 
arrangements  vary,  but  provide  that  the  pipe 
may  remain  where  located  for  a  term  of  years, 
during  which  period  the  company  may  have 
access  to  it  for  repairs.  The  high-pressure 
lines  are  tested  during  construction  to  60  or  70 
lbs.  pressure  by  compressed  air;  they  are  laid 
in  trenches  about  30  ins.  deep,  and  there  has 
been  no  trouble  from  condensation  in  these 
lines. 

The  gas  pressure  is  30  lbs.  per  sq.  in.  in  the 
long-distance  lines,  w'hile  for  the  distribution 
systems  of  the  towns  it  is  reduced  to  about  3 
ins.  of  water.  The  district  governor  used  is 
that  of  the  Johnson-Reynolds  Co.,  of  Ander- 
son. Ind.  The  same  company's  regulator  is 
used  where  the  high-pressure  gas  is  delivered 
directly  to  the  consumer's  house.     Beyond  this 
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is  tile  ordinary  type  of  house  meter,  but  be- 
tween the  regulator  and  the  meter  there  is  pro- 
vided a  safetj'  blow-off  in  the  event  of  the 
pressure  creeping  up. 

About  20%  of  the  consumers  are  dependent 
entirely  upon  this  system,  and  when  the  manu- 
facture of  gas  is  ultimately  concentrated  at  one 
station  at  Joliet,  as  noted  below,  all  the  other 
cities  and  towns  mentioned  will  be  dependent 
upon  this  system.  The  annual  consumption 
of  gas  is  about  550.000,000  cu.  ft.  per  year,  of 
which  the  towns  dependent  on  the  line  repre- 
sent a  large  proportion,  although  many  of 
them  are  still  in  process  of  development  as  gas- 
consuming  territory.  The  high  per  capita  con- 
sumption of  gas  in  the  suburban  towns  is  in- 
dicated by  the  following  statement : 

Hinsdale  (district  governor  station),  with  a 
population  of  3.100,  contains  about  600  houses, 
has  554  gas  meters  and  consumes  15.750,000 
cu.  ft.  per  year.  Western  Springs  (direct  high- 
pressure),  with  a  population  of  750,  contains 
140  houses,  has  126  meters  and  consumes  3,- 
430,000  cu.  ft.  The  possibilities  of  high-press- 
ure work  in  small  towns  are  shown  by  Plain- 
field,  a  farming  town  of  i.ooo  population,  with 
about  195  possible  consumers.  It  was  piped  in 
1905  with  i-in.  and  ^-in.  pipe,  radiating  from 
the  central  trunk  line,  at  a  total  cost  of  only 
$1,290.  and  already  has  150  consumers.  As  an 
example  of  the  larger  towns,  Aurora  (popu- 
lation 30.000),  has  5.000  consumers,  using  125,- 
000.000  cu.   ft.  of  gas. 

The  gas  is  generated  by  works  at  four 
points.  Coal  gas  plants  at  Joliet,  Elgin  and 
La  Grange  pump  their  surplus  gas  into  the 
pipe  line,  and  at  Aurora  there  is  a  combina- 
tion coal  gas  and  water  gas  plant  which  de- 
livers gas  to  the  pipe  line  or  draws  from  the 
line,  according  to  the  pressure  conditions.  The 
plants  have  a  total  generating  capacity  of  2,- 
705,000  cu.  ft.  per  day.  divided  as  follows : 
Joliet.  800,000  cu.  ft. ;  Elgin,  500.000  cu.  ft. 
(and  500,000  cu.  ft.  of  water  gas)  ;  La 
Grange,  225.000  cu.  ft. ;  .\urora,  330.000  cu.  ft. 
coal  gas  and  350.000  cu.  ft.  water  gas.  There 
are  gas  holder  stations  of  1,200.000  cu.  ft.  ca- 
pacity at  Joliet.  Aurora.  Elgin  and  La  Grange. 
District  governors  reducing  the  pressure  in  the 
distribution  mains  are  located  at  Batavia,  Gen- 
eva. St.  Oiarles,  Hinsdale  and  Downer's 
Grove;  all  the  other  towns  have  direct  high- 
pressure  in  the  mains.  At  each  of  the  four 
generating  stations  there  is  a  gas  pumping 
plant,  consisting  of  straight-line  compressors 
operated  by  steam.  These  are  Ingersoll-Rand 
compressors,  each  having  a  steam  cylinder 
10  x  14  ins.  and  a  gas  cylinder  13  x  14  ins.,  and 
with  a  capacity  of  270  cu.  ft.  of  free  gas  per 
miinite  while  operatins:  at  a  speed  of  130  revo- 
lutions per  minute.  They  can  compress  gas  to 
a  pressure  of  40  lbs.  per  sn.  in.  when  working 
under  a  steam  pressure  of  80  to  100  lbs.  There 
are  two  of  these  machines  at  Aurora,  two  at 
Joliet  and  two  at  La  Grange.  The  governor 
used  is  of  the  flyball  type,  regulating  the  speed, 
according  to   the   demand   for   gas,   up   to  the 
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maxinnim  speed  of  130  revolutions;  but  should 
a  gas  main  break  the  engine  could  not  race,  as 
the  governor  would  shut  it  down  wlien  this 
maximum  speed  was  exceeded.  Ihe  go\ernor 
pulley  has  a  safety-stop  attachment  by  which 
the  machine  would  be  stopped  in  case  the 
governor  belt  should  break.  No  figures  of 
\alue  as  to  the  cost  of  pumping  are  available, 
as  the  conditions  are  not  favorable  to  econom- 
ical   working.      There    are    four    separate    sta- 


curve  ranging  from  -jlA  HP.  at  10  lbs.  press- 
ure to  13  HP.  at  2Z  lbs.,  i8;/>  HP.  at  2,2y''2  lbs., 
and  23/3  HP.  at  42  lbs.  Tests  of  tiie  flow  of 
gas  on  the  line  from  Aurora  tcj  Elgin.  c(|uiv- 
alent  to  2i'/>  miles  of  4-in.  pipe,  and  tests  of 
the  flow  of  gas  through  1.048  ft.  of  i-in.  steel 
pipe,  are  given  below.  In  tlie  former  case  all 
consumers  were  shut  off  the  line  as  far  as  St. 
Charles,  at  which  point  the  pressure  was  taken, 
the  pressure   at    Elgin    (as    shown    i)y   the    rise 
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tions,  and  the  compressors  are  not  economical 
in  steam  consumption.  With  one  large  and 
economical  plant,  it  is  estimated  that  gas  can 
be  pumped  at  60  to  75  lbs.  pressure  at  a  cost 
of  2  cts.  per  1,000  cu.  ft.,  including  the  main- 
tenance of  the  station. 

Tests  of  the  power  required  to  pump  10,000 
cu.  ft.  per  hour  of  gas  at  63°  F.  against  gage 
pressure  of  10  to  42  lbs.  per  sq.  in.  gave  a  flat 


at  the  gasholder)  l)eing  about  2  to  3  ins.  of 
mercury  In  the  latter  case  the  pipe  was  laid 
around  the  Aurora  gas  works  with  such  long 
curves  that  they  could  practically  be  ignored. 

In  regard  to  the  effect  of  compression  upon 
the  (|uality  of  coal  gas  and  water  gas.  Mr. 
Rice  states  that  there  is  already  a  tendency 
towards  higher  pressures  than  those  now  cm- 
ployed,   and   that   there   is   immediate   need   of 
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TESTS  OF  FLOW  OF  GAS  IN  PIPES 
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618 
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2,381 
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definite  knowledge  as  to  the  effect  of  this 
higher  compression  on  the  candle-power  and 
especially  as  to  the  heat-units,  as  direct  can- 
dle-power is  becoming  of  less  importance  to 
the  consumers. 

Working  with  two  or  more  stages  in  com- 
pression instead  of  one.  common  practice  in 
other  pressure  work,  six  times  the  pressure 
can  be  secured  with  about  twice  the  horse- 
power. Six  times  the  pressure  means  five 
times  the  delivery.  \\'ith  economical  engines 
and  compressors  the  steam  cost  of  the  addi- 
tional horse-power  will  be  still  further  re- 
duced in  comparison  with  present  installations. 
These  are  the  every-day  facts  of  the  natural 
gas  engineer,  who  pumps  his  product  at  great- 
est economy  at  about  300  lbs.  pressure. 

It  is  proposed  to  economize  in  the  cost  of 
producing  gas  by  concentrating  the  manufact- 
ure in  one  large  plant  at  Joliet.  and  pumping 
with  an  initial  pressure  of  50  lbs.  per  sq.  in. 
This  would  involve  the  re-pumping  at  Aurora 
of  gas  for  Elgin,  if  the  present  route  is  main- 
tained ;  but  a  new  and  more  direct  route  is 
proposed  on  which  this  would  not  be  neces- 
sary. The  water  gas  plants  at  Aurora  and  El- 
gin would  be  maintained  for  an  auxiliary  sup- 
ply in  case  of  necessity.  The  present  gasholder 
stations  would  also  be  maintained,  and  per- 
haps be  supplemented  by  others,  but  nothing 
has  yet  been  determined  as  to  this  feature  of 
the  work. 

In  addition  to  its  gas  plants,  the  company 
operates  a  modern  electric  generating  station 
at  .Aurora,  supplying  electric  light  and  power 
within  the  city.  It  does  not  light  the  streets. 
however,  as  this  is  done  by  the  municipal  elec- 
tric light  plant. 


OXONE 

The  Niagara  Electro-Chemical  Company  of 
Niagara  Falls,  has  a  new  product,  to  which  the 
name  "Oxone"  has  been  given.  It  is  a  discovery 
of  George  F.  Brindley.  who  for  years  has  been 
manager  of  the  Niagara  plant,  but  who  will 
shortly  depart  for  the  Orient.  It  is  a  specially 
prepared  fused  form  of  sodium  peroxide,  bluish 
gray  in  color,  and  has  the  peculiar  property  of 
emitting  free  oxygen  when  it  comes  in  contact 
with  carbon  dioxide  charged  with  moisture.  It 
is  this  peculiar  quality  that  arouses  the  belief 
that  "Oxone"  is  to  be  particularly  beneficial  in 
submarine  navigation,  for  the  use  of  '"Oxone" 
aboard    the    submarine    vessels    will    insure    a 


supph-  of  pure  air,  for  it  will  keep  the  supply 
of  free  oxygen  quite  constant. 

Two  experiments  made  with  "Oxone"  in 
Niagara  Falls  have  attracted  attention.  The 
first  was  the  placing  of  a  man,  Dr.  R.  von 
Foregger.  in  an  air-tight  box,  three  by  six  feet 
in  size,  two  pounds  of  "Oxone"  being  placed  in 
the  box  with  him.  According  to  calculations 
made,  the  air  supply  in  the  box  should  have 
lasted  Dr.  von  Foregger  about  20  minutes,  af- 
ter which  he  should  have  succumbed  to  asphy- 
xiation. Instead,  however,  he  remained  in  the 
box  six  hours,  smoking  and  reading.  He  suf- 
fered no  distress,  but  apparently  was  exhilar- 
ated. At  the  end  of  six  hours  the  air  in  the 
box  grew  bad  very  rapidly,  but  the  conclusion 
was  that  had  more  "Oxone"'  been  used  he 
could  have  remained  in  the  box  for  a  longer 
period  of  time. 

Still  another  experiment  was  made  before 
the  Western  New  York  section  of  the  Ameri- 
can Chemical  Societ3-  in  the  public  library 
building  in  Niagara  Falls  on  the  evening  of 
Tuesday,  April  3d,  when  five  healthy  rabbits 
were  placed  in  an  air-tight  box  w'ith  something 
over  six  ounces  of  "Oxone."  At  the  end  of 
three  hours  they  were  taken  out,  in  seeming- 
ly perfect  condition. 

A  further  use  for  "Oxone"  may  be  found  in 
its  probable  usefulness  in  connection  with 
mining.  "Oxone"  generators  in  the  form  of  a 
portable  apparatus  may  be  placed  on  the 
market.  In  this  form  the  new  product  would 
be  of  value  to  countr\"  physicians  who  might  be 
called  upon  to  provide  a  supply  of  free  oxy- 
gen in  cases  of  serious  illness — pneumonia,  for 
instance. 


AIR     LOCOMOTIVES    IN    THE 

SOUTH 

A  novel  use  of  compressed  air  is  made  by 
some  railway  companies  in  the  Southern 
States  of  America,  says  the  Railway  News. 
When  the  loads  of  cotton  for  export  are  being 
taken  to  the  coast  there  is  always  some  dan.ger 
of  such  highly  inflammable  material  becoming 
damaged  through  sparks  from  the  locomotives. 
To  prevent  this  the  locomotive  boilers  are  filled 
with  compressed  air.  A  train  load  of  several 
thousand  bales  of  cotton  can  be  hauled  by  these 
locomotives  at  a  rate  of  12  miles  an  hour, 
although  no  fire  whatever  is  used  in  working 
them. 
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EDUCATION     OF      APPRENTICES 

AT  THE  TARRYTOWN  SHOPS 

OF  THE  RAND  DRILL 

COMPANY. 


Written  fdr  Compressed  Air  by  ax 
Apprentice. 


For  several  years  previous  to  the  consolida- 
tion of  the  Rand  and  Ingersoll-Serseant  Corn- 


through  the  shops.  This  sums  up  in  a  lew 
words  the  policy  of  the  Rand  Drill  Company ; 
their  salesmen  came  in  through  the  office  and 
the  only  shop  work  done  by  them  was  what 
they  wished  to  do  of  their  own  free  will.  In 
fact  they  were  left  to  work  out  their  own 
education  in  their  own  way  and  were  not 
placed  under  the  orders  of  shop  foremen  or  in 
any  way  made  to  feel  that  manual  labor  was 
expected  of  them.     On  the  other  hand,   how- 


A    CLASS    OF    APPREXTICES   AT    THE    TARRYTOWN    SHOPS    OF    THE    KAMJ    UKll.L   CO. 


panics  there  was  maintained  at  the  Tarrytown 
shops  of  the  former  company  a  most  unique 
system  for  training  prospective  salesmen.  Un- 
l.ke  other  large  manufacturing  concerns,  the 
Rand  Drill  Company  did  not  believe  in  setting 
the  young  engineers  who  applied  for  positions 
in  their  company  to  work  in  the  shops,  but  pur- 
sued a  course  of  systematic  training  in  theory 
as  well  as  in  practice.  The  president  of  one 
of  the  largest  machinery  houses  in  the  United 
States  once  said  to  the  writer,  after  hear- 
ing about  the  Rand  training  system,  that  his 
experience  had  always  been  that  the  best  sales- 
men  came   in   through    the    office    and    never 


ever,  they  were  expected  to  work,  and  to  work 
hard.  To  this  end  a  list  of  over  300  questions 
was  handed  to  each  applicant  on  iiis  arrival 
and  to  answer  all  of  these  correctly  meant 
that  many  a  night  was  spent  in  hard  stutly 
and  in  writing  out  infijrmation  acquired  (lur- 
ing the  flay.  These  questions  ni>t  only  cov- 
ered the  entire  field  of  compressed  air.  but 
dealt  with  the  best  practice  in  power  plant  de- 
sign, installation  and  equipment  of  central 
compressed  air  power  plants  and  many  practi- 
cal questions  on  st-'am  engineering. 

It  was  presumed  that  most  applicants  for  po- 
s'tions  would  be  graduates  of  technical  schools 
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and  colleges,  but  as  none  of  the  colleges  at 
present  devote  much  time  to  the  subject  of 
compressed  air,  it  was  necessary  for  these  men 
to  study  the  subject  from  the  beginning  and  it 
could  do  no  harm  for  them,  at  the  same  time, 
to  brush  up  on  the  subjects  of  boilers  and 
steam  engines.  There  were  also  men  in  the 
class  who  had  no  college  education  and  a 
number  of  elementary  questions  were  placed 
on  the  list  for  their  benefit.  As  a  rule  the 
various  classes  were  made  up  in  a  most  im- 
partial manner,  no  favoritism  being  shown  in 
appointments,  but  applicants  were  most  care- 
fully selected.  The  class  of  1904  contained 
men  from  various  sections  of  the  country.  The 
college  men  consisted  of  two  men  from  Colum- 
bia University,  one  from  University  of  Ver- 
mont, one  from  the  Massachusetts  Institute 
of  Technology,  and  one  from  New  York  Uni- 
versity. Besides  these  there  were  two  men 
who  were  not  graduates  of  technical  schools, 
one  being  from  Chicago,  and  the  other  from 
Mt.   Vernon,   N.   Y. 

As  soon  as  the  men  had  had  time  to  acauire 
some  information  on  the  questions  submitted, 
a  course  of  lectures  and  recitations  was  inaug- 
urated under  the  auspices  of  the  Chief  Engi- 
neer, to  whom,  alone,  the  men  were  held  re- 
sponsible. Every  Wednesday  evening  the 
drafting  room  was  turned  into  a  lecture  hall 
and  discussions  were  held  upon  a  certain  num- 
ber of  questions.  Much  information  was  given 
to  the  men  at  these  lectures  which  they  could 
not  acquire  in  the  shops. 

While  the  greatest  emphasis  was  necessar- 
ily laid  upon  those  questions  which  dealt  pri- 
marily with  the  advantages  and  disadvantages 
of  Rand  machinery,  a  great  deal  of  time  was 
devoted  to  a  study  of  the  output  of  competing 
firms  and  to  this  end  a  room,  set  apart  for  the 
apprentices,  was  fitted  uj)  with  rock  drills  of 
all  the  principal  makes,  some  of  them  being 
of  foreign  manufacture,  and  every  facility  was 
afforded  for  taking  these  machines  apart  that 
a  study  might  be  made  of  their  merits  and  de- 
merits. 

Tn  order  to  become  familiar  with  tin-  assemb- 
ling of  the  various  types  of  air  compressors  and 
rock  drills,  a  few  weeks  were  spen  on  t:ie 
erecting  floor  and  in  the  drill  roo:n.  Consider- 
able time  was  also  spent  in  the  stock  room 
for  the  purpose  of  becoming  familiar  with  the 
various  machine  parts. 

As   time   went  on   special   lectures   were   de- 


livered upon  selected  subjects.  The  Air  Lift 
System  of  pumping  was  treated  by  the  Chief 
Draftsman,  and  lectures  were  delivered  upon 
practical  subjects  by  others  in  the  emoloy 
of  the  company. 

Exhaustive  tests  on  compressed  air  appli- 
ances were  carried  out  by  the  men,  and  pneu- 
matic plug  drillers,  chipping  hammers  and 
riveters  were  tested  for  their  air  consumption, 
driving  force,  efficiency  and  durability. 

A  more  comprehensive  course  in  the  appli- 
cations of  compressed  air  it  would  be  hard  to 
find,  and  the  writer  feels  that  he  has  received 
an  education  in  this  subject  which  can  only 
be  obtained  by  other  men  after  many  years 
of  experience. 

In  comparison  with  the  methods  in  vogue  at 
other  manufacturing  plants,  the  Rand  system 
has  many  points  of  superiority.  The  training 
in  theory  is  a  great  advantage  and  the  uni- 
versal courtesy  extended  to  the  applicant  in- 
stills in  his  mind  a  high  regard  for  his  em- 
ployers and  develops  an  esprit-de-crops  that 
it  would  be  hard  to  duplicate. 


GROUTING  BY  COMPRESSED  AIR. 

In  the  January  number  of  Compressed  Air. 
(Vol.  10,  No.  II,  page  .1871),  appeared  a  short 
item  from  the  Railway  News  of  England  re- 
garding the  use  of  grout  for  repairing  the 
Winchester  Cathedral  which  was  in  danger  of 
collapsing,  a  grouting  machine  invented  by 
the  late  ^Ir.  Greathead  for  tunnel  purposes, 
being  used  in  connection  with  the  work.  A 
number  of  inquiries  have  been  received  by 
Compressed  Air  regarding  this  machine,  and 
through  the  courtesy  of  the  makers,  Messrs.  S. 
Owens  &  Co.,  of  Whitefriars,  London,  E.  C. 
England,  we  are  enabled  to  present  to  our 
readers   the    following   detailed   description. 

The  device  is  the  result  of  much  thought 
and  experience,  the  nature  of  the  work  re- 
quiring the  use  of  a  machine  as  simple  as  pos- 
sible in  construction  as  any  complication  of 
parts  would  be  fatal  to  its  extended  use.  It 
was  the  aim  of  the  manufacturers,  therefore, 
to  design  a  machine  which  would  represent 
efficiency  and  simplicity.  How  well  they  h.'ve 
succeeded  is  shown  by  the  accompanying  draw- 
ings. 

As  will  be  seen,  the  apparatus  consists  of 
two  cylindrical  galvanized  tubes  of  air  tight 
construction,  in  the  larger  of  which  is  fitted 
a  pair  of  specially  constructed  air  pumps  situ- 
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atod  inside  tlio  air  receiver  with  delivery 
valves  opening  therein — air  suction  valves  he- 
ing  lodged  in  the  several  buckets.  Motion  is 
given  to  the  buckets  by  means  of  connecting 
rods  and  the  usual  crank  and  fly  wheel.  1  he 
compressor  is  fitted  with  a  relief  valve  and 
pressure  gage  and  a  special  air  screw-down 
valve  from  which  runs  a  flexible  air  pipe  to  the 
second  smaller  cylinder,  termed  the  grout  pan. 
This  is  fitted  with  a  wrench  cover  and  opens 
for  the  receptio'.i  of  mixed  Portland  cement  or 


riie  operator  at  the  nozzle  in  charge  of  feed- 
ing the  grout  then  allows  the  contents  of  the 
pan  to  be  ejected  to  the  required  spot.  The 
mixing  of  cement  again  takes  place  and  the 
process  is  repeated  until  the  entire  work  is 
carried  to  comnletion. 

It  will  be  seen  that  by  this  means  it  is  pos- 
sible to  inject  fluid  cement  into  places  which 
would  be  inaccessible  by  any  other  method. 
The  process  is  adapted  for  use  on  foundations, 
sea    walls,   repairing   buildings,   etc. 
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DIAGRAM    OF    GROUTING    MACHI.VE    MADK    RV    S.    OWE.XS    &    CO.,    K.VGLANI). 


grout.  The  inside  of  this  cylinder  is  fitted 
with  a  series  of  beaters  on  a  central  spindle 
which,  during  the  process  of  grouting,  are 
kept  revolving  in  order  that  the  slurry  may 
not  have  time  to  settle.  A  controlling  valve 
or  cock  is  fitted  to  the  grout  delivery  outlet 
from  which  a  length  of  hose,  fitted  with  a  cone 
chamber  outlet,  delivers  the  grout  at  the  re- 
quired  point  of  api)lication. 

The  method  of  operation  is  as  follows  :  The 
mixture  of  slurry  or  grout  is  prepared  while 
the  air  pressure  is  being  raised.  When  the 
grout  becomes  sufficiently  fluid  it  is  poured 
into  the  grout  pan,  the  lid  of  which  is  immed- 
iately closed  and  the  beater  set  to  work.  By 
this  time  the  air  pressure  in  the  receiver  has 
attained  its  maximum  and  is  allowed  to  pass 
into  the  pan  by  opening  the  regulating  valve. 


THE  SAND  BLAST. 
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In  a  sand  blast  apparatus,  and  especially  in 
the  Injector  Sand  Blast,  the  injector  principle 
is  followed  closely  in  first  starting  the  flow 
of  sand  by  creating  a  mild  vacuum  by  means 
of  a  vertical  jet  through  the  sand  valve, 
e(|uivalent  to  the  suction  jet  of  the  steam  in- 
jector, mixing  the  sand  and  air  by  means 
of  the  second  vertical  or  nuxing  jet  which 
also  starts  the  combined  current  forward,  and 
by  augmenting  the  velocity  of  the  current, 
using  a  horizontal  or  forcer  jot,  as  well  as 
by  contracting  the  walls  *)f  the  mixing  cham 
her.      Ill  other   words,   the   air   supply   is   sub- 
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divided  and  applied  at  such  points  and  in 
sucli  a  manner  that  its  effort  is  cumulative. 
producing  a  very  vigorous  blast  of  sand  and 
air,  so  thoroughly  mixed  that  each  griin  of 
sand  may  be  considered  as  being  projected 
upon  the  work  individually  and  with  the  great- 
est obtainable  velocity,  the  thoroughness  of 
cleaning  by  means  of  the  sand  blast  depend- 
ing upon  the  force  of  the  impact  of  the  in- 
dividual grains  of  sand.  It  is  the  sand  only 
that  does  the  work;  the  air  jet  alone  would 
only  blow  off  the  loose  surface.  By  so  sub- 
dividing the  air,  the  same  results  are  attained 
with   the   Injector   Sand   Blast,   with   less   con- 


EXTERIOR   OF   INJECTOR    SAND   BLAST. 

sumption  of  air,  than  with  the  ordinary  sand 
blast,  in  which  the  sand  drops  from  the  sand 
tank  into  a  current  of  air  and  is  blown  on  to 
the  work  by  sheer  brute  force. 

Successful  operation  of  the   sand   blast   is 
insured  by  providing  an  ample  volume  of  air. 

The  table  on  page  41 15  gives  the  number  of 
cubic  feet  of  free  air  per  minute  required  un- 
der different  pressures  and  with  various  sizes 
of  nozzles,  and  in  general  practice  the  amount 
of  free  air  so  stated  should  be  provided,  using 
for  this  purpose  an  air  compressor,  of  any 
type  or  make,  of  ample  dimensions  to  deliver 
the  desired  quantity  at  a  moderate  speed;  150 
revolutions  per  minute  is  customary. 

From  the  compressor  the  air  should  be  led 
into  an  air  receiver,  either  vertical  or  horizon- 
tal, taking  care  not  to  reduce  the  size  of  the 
air  delivery  pipe.  This  receiver  for  ordinary 
foundry  work  may  be  30"  diameter  and  "ji" 
in  height,  and  should  be  provided  with  a  safety 
valve,  pressure  gauge  and  blow-off  cock,  the 
latter  near  the  bottom,  to  remove  any  water 
condensed  from  the  air. 


It  is  especially  desirable  that  the  air  piping 
from  this  receiver  to  the  sand  blast  be  not 
less  in  diameter  than  the  air  connection  of  the 
sand  blast.  If  the  distance  between  the  re- 
ceiver and  the  sand  blast  is  more  than  75  feet, 
the  pipe  should  be  larger  than  the  air  connec- 
tion of  the  sand  blast,  to  allow  for  loss  for 
pressure  from  friction.  It  is  not  that  the  sand 
blast  will  take  all  of  this  air:  it  can  only  take 
the  amount  which  the  nozzle  will  discharge, 
under  the  working  pressure ;  a  ^"  nozzle  un- 
der 30  lbs.  pressure  will  take  161  cubic  feet  of 
free  air;  but  the  best  and  satisfactory  results 
are  only  obtained  by  having  this  backing  of  air 
behind  the  jets. 

If  the  air  system  is  already  established  and 
the  pressure  carried,  is  80  to  no  lbs.  neces- 
sary for  the  successful  operation  of  pneumatic 
tools,  the  pressure  may  be  reduced  by  means 
of  a  pressure-reducing  valve,  or  a  separate 
air  compressor  installed  for  the  sand  blast 
only. 

If  a  reducing  valve  be  used,  the  air  should 
be  led  from  it  into  a  supplementary  air  re- 
ceiver, from  which  it  is  piped  off  to  the  sand 
blast. 

This  supplementary  receiver  need  not  be 
large;  a  galvanized  kitchen  range  boiler  12" 
in  diameter  and  upwards  or  a  section  of  large 
pipe  can  be  used,  a  pressure  gauge  being  con- 
veniently attached. 

The  sand  tanks  of  the  Injector  Sand  Blast 
are  marked  "Good  for  40  lbs.  pressure"  as  a 
matter  of  precaution.  They  are  tested  under 
80  lbs.  air  pressure,  and  while  they  can  be  used 
under  higher  pressures  40  lbs.  is  as  high  as 
any  ordinary  sand  blast  work  requires,  ex- 
cept  for  ste.'l   casMngs. 

The  air  piping  should  be  protected  from 
condensation  if  the  lines  be  long,  and  if  mois- 
ture or  water  shows  in  the  air  at  its  entrance 
into  the  sand  blast,  it  is  necessary  that  some 
means  of  removing  this  and  drying  the  air  be 
provided.  This  can  be  done  by  an  "After 
Cooler,"  or  by  means  of  one  or  more  "U" 
loops  introduced  in  the  line  of  air  piping. 
Drip  cocks  at  the  bottom  of  these  loops  will 
draw  oft'  the  entrained  water,  or  it  may  be  re- 
moved liy  an  ordinary  bucket  steam  trap. 

Water  must  be  kept  from  the  sand  to  in- 
sure proper  working  of  the  sand  blast.  If 
it  enters  the  tank  it  will  cause  the  sand  to 
cake  and  arch  over  the  sand  valve,  and  the 
only    remedy    is   to    shut   down,    draw   off   the 
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sand  through  the  drain  hole  in  the  bottom  of 
the  sand  tank,  and  start  over  again  with  dry 
sand. 

Dry  sand  if  left  in  the  sand  tank  over  night 
will  absorb  moisture  and  may  refuse  to  flow 
the  next  day,  and  for  this  reason  it  is  recom- 
mended that  the  sand  tank  be  always  emptied 
at  the  close  of  the  day's  work.  A  very  little 
experience  will  enable  the  operator  to  gauge 
the  filling  of  the  tank  to  the  day's  work. 

The  sand  should  be  perfectly  sharp,  clean 
quartz  or  silica,  sifted  through  a  screen  of 
proper  mesh,  and  dried  long  enough  before- 
hand to  have  it  cold  when  used.  If  too  warm, 
it  will  create  steam  within  the  tank.  If  heated 
too  hot,  it  will  crack  and  disintegrate. 

The  sand  can  be  dried  in  any  manner  most 
convenient,  on  a  steam  table,  or  in  a  dryer 
made  by  building  a  flaring  hopper  around  a 
small  coal  stove,  the  drj'  sand  falling  to  the 
ground  through  suitable  openings  in  the  bot- 
tom of  the  hopper. 

Almost  anj-  sand  can  be  used,  but  it  will  be 
found  that  sands  containing  an  undue  amount 
of  clay  or  mould  will  give  this  off  in  the  form 
of  dust,  causing  discomfort  and  doing  no  part 
in  the  actual  cleaning.  An  examination  of 
sand  under  a  pocket  magnifying  glass  will  be 
found  valuable  in  detennining  whether  to  use 
a  sand  or  not. 

With  a  %"  nozzle,  always  screen  the  sand 
through  a  No.  8  mesh  screen,  v.hich  will  re- 
move all  pebbles,  sticks,  etc.,  too  large  to  pass 
through  the  nozzle,  as  a  small  obstacle  will 
stop  this  at  times.  Should  this  occur  shut  off 
the  sand  blast  by  closing  the  sand  valve,  then 
shut  off  the  air  and  open  the  air  cock  at  the 
top  of  the  tank.  When  the  pressure  falls,  the 
nozzle  can  be  quickly  removed,  cleaned  out 
and  replaced. 

If  this  is  done  when  the  pressure  is  on,  the 
operator  should  be  careful  of  his  eyes  when 
the  nozzle  tip  is  removed,  as  the  sand  will 
fly  under  the  air  pressure  behind  it. 

With  ^"  nozzles  a  very  much  coarser  sand 
can  be  used,  and  the  Injector  Sand  Blast  has 
been  operated  successfully  with  pebbles  aver- 
aging yk"  in  diameter,  using  them  again  and 
again.  These  quickly  rounded  off  their  sharp 
edges,  and  their  action  upon  the  castings  can 
be  compared  to  that  of  peening  them  with  an 
infinite  number  of  small  ball-peen  hammers, 
cleaning  them  very  thoroughly  and  giving  a 
very  good  finish.    A  coarse  sand  or  gravel  will 


be    found    effective    for    general    work    in    tiie 
foundry  and  especially   for  steel  castings. 

Any  expensive  or  intricate  device  for  remov- 
ing the  dust  during  the  work  of  sand  blasting 
or  for  saving  and  removing  the  sand  will  gen- 
erally be  found  inadvisable.  Numbers  of  these 
have  been  installed,  but  have  seldom  been  dup- 
licated, and  in  every  case  they  have  been 
sources  of  constant  care,  repairs  and  expense. 
It  is  advisable  to  clean  castings  as  near  out 
of  doors  as  possible,  in  an  open  shed  or  in  a 
room  with  a  large  door  or  windows  open  to 
the  air.    Let  it  have  a  tight  floor,  covered  with 


I      AIR  GAUGE  PRESSURES  IN  POUNDS 

Diameter 

tif  Nuzzle  i 

in  inches         5 


10 


15 


20 


25        30 


15.4  21  8  if,. 
34  6  49.  f*.). 
61.6  87.  107. 

96.5  136.  167. 
133.  ,     196.  1    240. 


30.8  34.5       40. 

69.  77.         90. 

\%i.  138.        161, 

193  216.       252. 

277.  310.     ,  362. 


189. 


267 


326. 


378. 


422. 


493. 


Air  Pressure  Required. 
For  Light  Work  (stove  castings,  etc.) 5-10 lbs. 
For  Medium   and   Heavj'  Grade   Iron 

Castings,  -----  15-20  lbs. 
For  Steel  Castings,  -  -  -  30-75  lbs. 
For  Cleaning      Buildings     and     Steel 

Structures,         -         .         -         -       5-30  lbs. 
(According  to   Height.) 

sheet  iron ;  have  benches  for  holding  the  cast- 
ings, with  bottoms  made  of  wire  screens,  and 
let  the  sand  fall  through  to  the  floor,  remov- 
ing it  by  hand  from  time  to  time,  screening  it 
and  using  it  again.  Foundry  labor  is  not  ex- 
pensive. If  the  dust  is  excessive,  remove  it 
by  an  ordinary  exhaust   fan. 

Care  should  be  taken  not  to  locate  the  sand 
blast  near  the  air  compressor,  especially  if 
the  latter  is  also  used  to  supply  pneumatic 
tools,  for  the  dust  will  not  only  cut  the  air 
cylinders,  but  will  prove  very  troublesome  in 
those  of  the  tools  and  in  the  valves,  and  may 
necessitate  their  renewal. 

The  operators  should  preferably  wear  reg- 
ular sand  blasters'  helmets,  which  have  loose 
hoods  descending  over  the  shoulders,  arranged 
to  tie  at  the  bottom. 

If  the  work  is  continuous  it  is  well  tn  use 
a  respirator  or  muzzle  to  cover  the  mouth  and 
nose,  and  prevent  the  inhaling  of  too  much 
dust.  A  wet  sponge  will  answer  fairly  well 
for  this  purpose.  When  the  work  is  done  out 
of  doors  or  with  free  access  to  the  air,  the  dis- 
comfort from  dust  is  not  very  great,  increas- 
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ing,  of  course,  if  the  operator  is  working  in  a 
confined  space.  Rubber  or  leather  gloves  are 
desirable  to  protect  the  hands  from  the  sand. 

The  hehnet  is  not  necessary  and  many  op- 
erators use  only  goggles  or  large  stone  cutters' 
spectacles  of  plain  glass,  and  cover  their  noses 
and  mouths   with   cloths   or   sponges. 

Any  playing  with  the  sand  blast  when  in 
operation  should  be  emphatically  discouraged. 
The  sand  will  fly  farther  than  might  be  ex- 
pected, and  the  chances  of  injuring  some  by- 
stander's eyes  are  too  great  to  take  any 
chances  on. 

Of  the  various  sizes  of  sand  blasts  now  on 
the  market,  the  24"  x  24"  is  best  adapted  to 
general  work  in  cleaning  small  castings,  and 
especially  for  cleaning  the  brick  and  stone 
work  of  buildings.  The  30"  sizes  are  identi- 
cal in  operation,  differing  only  in  capacity ;  the 
3o"x36"  (capacity  1,200  lbs.  sand)  when  oper- 
ated under  25  to  30  lbs.  air  pressure  and  with 
a  J-2"  nozzle,  will  require  filling  about  twice 
in  a  day  of  10  hours,  and  the  30"  x  48"  (ca- 
pacity 2,000  lbs.  sand)  will  require  one  tilling 
in   the  same  time. 

In  considering  the  quantity  of  air  required 
per  minute  to  operate  the  sand  blast,  the  quan- 
tity of  sand  therein  may  be  disregarded.  It 
will  not  exceed  i  per  cent,  volume  to  volume 
of  the  air. 

For  cleaning  the  e.xteriors  of  buildings,  struc- 
tural steel  work,  as  bridges,  etc.,  there  will  be 
required  a  portable  air  outfit,  mounted  on 
wheels,  comprising  an  air  compressor  of  com- 
pact form  (about  12"  x  8")  operated  by  a  gaso- 
line or  petroleum  engine,  belted  or  geared  to 
the  compressor;  the  engine  should  be  about  12 
H.  p.  There  should  be  a  gasoline  tank  hung 
under  the  body  of  the  truck  and  also  a  water 
tank  or  cooler  for  the  jacket  cooling  water, 
although  this  can  usually  be  obtained  through 
a  line  of  hose  from  some  faucet  or  hydrant 
in  the  building  being  cleaned.  There  should 
also  be  provided  an  ample  air  receiver.  The 
truck  should  be  covered  with  a  permanent  top 
or  by  canvas  curtains — the  closer  the  better,  as 
any  brasses,  as  lubricators,  etc.,  are  liable  to 
be  stolen. 

This  outfit  will  keep  two  24"  sand  blasts  at 
work,  these  being  located  on  the  ground  at 
the  side  of  the  building  being  cleaned  and 
connected  to  the  air  receiver  by  lines  of  ^" 
rubber  hose. 

The  mixed  air  and  sand  is  carried  up  to  the 


highest  points  of  the  building  through  a  line 
cf  }^"  rubber  hose,  the  end  of  which  is  pro- 
vided with  a  "Y"  fitting  enabling  two  nozzles 
to  be  led  from  the  main  deliver}-  hose  and  two 
operators   to  work   from   each   sand  blast. 

The  sand  should  be  fine,  sharp  and  perfect- 
ly dry,  and  the  air  must  be  dry  also ;  and  this 
work  cannot  be  done  when  the  weather  is  un- 
favorable, rainy,  or  damp  and  foggy. 

The     operators     work     on    light     swinging 
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Stages  about  20  feet  in  length,  similar  to  those 
used  by  painters,  and  tliese  are  usually  en- 
closed by  a  close  canvas  screen  extending 
along  the  rear  and  two  ends,  and  also  below 
the  staging  where  it  is  made  in  the  form  of  a 
hopper,  terminating  in  a  canvas  chute  about 
6"  in  diameter,  through  which  a  large  propor- 
tion of  the  sand  falls  to  the  ground  and  is 
used  again.  The  operators  usually  protect 
their  faces  by  helmets. 

An  air  pressure  of  30  lbs.  is  usually  enough 
to  carry  the  sand  to  the  cornices  of  the  higli- 
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est  buildings  and  to  do  effective  work.  In  op- 
erating on  marble  and  sandstone  care  must  be 
taken  to  regulate  the  air  pressure  and  not  to 
have  it  too  high.  The  carving  on  such  ma- 
terial absorbs  moisture  and  becomes  soft  and 
disintegrated,  and  if  the  sand  blast  is  too 
vigorous,  many  small  details  of  the  design  can 
be    speedily   olsliterated   beyond    replacing. 

In  cleaning  steel  work  of  bridges,  viaducts, 
etc.,  a  moderately  high  pressure  will  be  found 
very  effective  and  will  clean  the  steel  down 
to  the  original  gray  metal. 

By  adapting  the  air  pressure,  grade  and 
quantity  of  sand  to  the  work  to  lie  done,  sat- 
isfactory results  can  lie  readily  obtained  with 
the  sand  blast,  and  its  tielfl  <if  usefulness 
greatly  enlarged. 


LIQUID    AIR    IN    MEDICINE    AND 
SURGERY. 

Valuable  experiments  have  been  made  in  the 
therapeutic  value  of  liquid  air.  In  an  account 
of  the  work  with  this  medium  a  specialist  says  : 
— "Any  inflaminatory  process  where  cold  appli- 
cations in  any  form  are  a  desirable  part  of  the 
treatment  can  be  administered  more  satisfac- 
torily with  some  form  of  liquid  air  in  appli- 
cation than  in  any  other  way.  For  example, 
an  inflamed  knee  or  other  joint  can  be  ex- 
posed to  the  dry,  cold  vapor  emanating  from  a 
vessel  of  boiling  liquid  air,  and  any  degree  of 
temperature  can  be  given,  and  the  temperature 
of  the  joint  or  part  can  be  reduced  to  any  de- 
sirable point.  Another  method,  quicker  in  its 
after  effects,  is  to  soak  a  towel  in  the  liquid 
and  apply  it  quickly  and  intermittently  till  the 
part  has  been  thoroughly  chilled.  A  glass  bulb 
filled  with  the  liquid  and  rolled  over  the  sur- 
face of  the  joint  is  another  efficient  means  of 
accomplishing  the  result.  A  current  of  air  can 
be  sent  through  the  ice  coil,  providing  there  is 
protection  between  the  coil  and  the  skin,  to 
great  advantage  when  cold  is  a  desirable  ad- 
junct, as  in  the  case  of  acute  abdominal  trou- 
bles, such  as  appendicitis. 

"To  produce  an  inflammation  or  stimulating 
effect   the   liquid  air   must  be   applied   directly 


and  intermittently  to  the  skin.  The  best  ex- 
ample of  this  effect  is  seen  in  chronic  indolent 
ulcerating  surfaces,  when  by  spraying  here  and 
there  over  the  surfaces  just  sufiiciently  to 
freeze  for  a  second  only  a  good,  healthy,  gran- 
ulating surface  will  be  obtained  after  only  a  few 
treatments  of  this  character. 

"It  can  be  readily  understood  that  any  for- 
eign growth  upon  the  skin  or  within  reach  of 
operation  can  be  destroyed  by  liquid  air.  It 
may  take  two.  three  or  more  applications.  Tiic 
only  danger  to  be  avoided  is  excessive  freez- 
ing, which  results  in  inflammation.  The  air 
inflammation  subsides  quickly  and  responds 
readily  to  hot  boracic  acid  or  carbolic  fomen- 
tations. If  such  a  growth  as  a  naevus  or  any 
birthmark  or  tumor  be  treated  judiciously  it 
can  be  removed  much  more  quickly  and  with 
less  pain  than  by  any  other  method.  If  not 
done  too  rapidly  no  scar  is  left  to  show  its 
location. 

"In  the  treatment  of  carbuncles  not  too  far 
advanced,  not  more  than  three  inches  in  cir- 
cumference, liquid  air  seems  to  act  as  a  specif- 
ic. In  all  cases  treated  under  this  size  activity 
has  been  aborted  within  an  hour  after  freez- 
ing. If  liquid  air  could  be  of  service  only  in 
the  treatment  of  the  carbuncle  its  success  in 
this  one  lesion  would  be  sufficient  reward  for 
its  discoverv." 


AME.^NS  of  continuously  measuring  the 
work  performed  in  the  steam  cylinder  of 
an  engine  is  now  afforded  by  an  instru- 
ment, consisting  of  an  ordinary  steam  indicator, 
in  which  the  pencil  is  replaced  by  a  planimeter 
wheel,  the  only  difference  being  that  instead  of 
the  spring-loaded  piston  causing  a  pencil  to  be 
raised  and  lowered  proportionally  to  the  press- 
ure, the  planimeter  wheel  is  canted  propor- 
tionately to  it.  The  effect  of  this,  when  the 
wheel  is  made  to  bear  continuously  on  the 
drum,  which  ordinarily  carries  the  paper,  is  to 
make  it  rotate  proportionately  to  the  area 
which  would  have  been  described  by  the  pen- 
cil. This  rotation  is  recorded  by  suitable 
mechanism,  and  it  is  only  necessary  to  know 
the  length  of  the  imaginary  card,  and  to  apply 
the  necessary  constants  to  the  reading,  to  know 
the    total    horse-power    recorded 
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MOISTURE  IN  AIR. 

In  considering  questions  of  moisture  and 
temperature  in  air  the  physical  reactions  are 
the  same  whether  the  air  is  free  atmospheric 
air  or  confined  compressed  air.  In  other 
words,  the  conditions  that  exist  in  the  at- 
mosphere generall}',  producing  and  dissipat- 
ing moisture,  the  effect  of  heai  and  cold  on 
air,  as  exhibited  In'  weather  conditions  gen- 
erally, may  be.  and  are,  produced  in  com, 
pressed  air  under  similar  conditions.  The  pro- 
duction of  fog.  for  instance,  is  the  condensa- 
tion of  the  moisture  in  the  air  due  to  cooling. 
As  the  air  becomes  cooler  it  shrinks  and  the 
moisture  is  precipitated.  In  an  air  lock  it  is 
common  practice  to  note  that  while  unlocking ; 
that  is,  coming  through  the  lock,  and  as  the 
pressure  is  being  reduced  by  opening  the  dis- 
charge valve,  a  fog  accumulates,  becoming 
thicker  as  the  temperatures  and  pressure  are 
lowered.  The  writer  at  one  time  was  attacked 
by  the  "bends,"  or  the  caisson  disease,  after 
coming  out  of  the  old  Hudson  River  tunnel. 
He  was  promptly  taken  into  the  "hospital", 
which  was  nothing  but  a  horizontal  tank  about 
the  size  of  a  common  locomotive  boiler.  The 
pressure,  amounting  at  that  time  to  some  30 
pounds,  was  admitted,  and  it  acted  instantly 
to  relieve  pain  and  to  produce  normal  condi- 
tions. He  was  told  to  open  the  throttle  valve 
and  let  the  pressure  out  so  that  he  might 
open  the  door.  As  he  did  this  he  noticed  that 
the  temperature  was  gradually  lowered  and  at 
a  certain  point,  known  as  the  dew  point,  he 
was  enveloped  in  fog.  The  pain  returned 
about  this  time  so  that  he  shut  off  the  dis- 
charge valve  and  opened  the  cock,  admitting 
compressed  air.  The  fog  immediately  disap- 
peared, the  temperature  was  slightly  increased 
and  the  pain  stopped.  This  condition  was  re- 
peated several  times,  so  that  here  is  a  means 
by  which  "artiiicial"  fog  may  be  produced  at 
will. 

The  same  physical  laws  apply  in  the  produc- 
tion of  fog  as  in  the  condensation  of  mois- 
ture on  the  exterior  of  an  ice  pitcher  or  on  a 
window  pane  in  winter  time.  In  one  case,  that 
of  the  fog,  the  moisture  is  in  suspense ;  that 
is.  it  is  aerated,  because  the  thing  which  cools 
it  and  upon  which  it  attaches  itself  is  air, 
while  in  the  case  of  the  ice  pitcher  and  win- 
dow pane  there  is  a  solid  substance  upon  which 
the  moisture  adheres,  congealing  from  fine 
foggy  particles   to   a   condition  of  water.     In 
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each  case  the  initial  step  uhicli  produces  con- 
densation is  a  lowering  of  temperature.  The 
capacity  of  air  to  hold  moisture  is  a  question 
of  temperature,  not  of  volume.  We  have  a 
certain  quantity  of  air  and  it  contains  a  cer- 
tain quantity  of  moisture.  If  that  air  is  rap- 
idly reduced  in  temperature  moisture  will  ac- 
cumulate because  the  air  is  unable  at  the  re- 
duced temperature  to  hold  the  moisture  that 
is  present. 

The  physical  conditions  referred  to  are  found 
during  the  compression  and  use  of  air.  There 
is  a  system  known  as  the  Taylor  system  for 
compressing  air  hydraulically.  This  Taylor 
system  has  been  described  as  the  Pohle  pump 
reversed.  The  Pohle  pump  lifts  water  from 
wells  by  inserting  compressed  air  at  the  bot- 
tom of  an  eduction  pipe.  The  column  from 
the  bottom  of  the  well  to  the  surface  is  a  mix- 
ture of  water  and  air.  fhe  Taylor  hydraulic 
system  of  compression  is  a  Pohle  pump  turned 
upside  down.  Water  is  carried  down  through 
a  pipe  into  a  well  or  over  a  dam  and  in  going 
down  it  carries  air  with  it.  The  deeper  it  ^oes 
the  more  is  this  air  compressed,  but  from  the 
top  to  the  bottom  there  is  a  constant  con- 
tact between  the  air  and  the  water.  Now  it  is 
a  singular  fact  that  the  Taylor  systern  of 
pumping  produces  dry  air.  Compression  of 
air  under  the  usual  conditions  results  in  the 
accumulation  of  moisture  either  in  the  air  re- 
ceiver, the  pipe  line  or  in  the  motor.  Mois- 
ture in  compressed  air  is  a  serious  matter 
and  many  difficulties  arise  from  its  presence. 
One  would  naturally  suppose  that  the  Taylor 
system,  or  any  system  of  compressing  air  by 
water,  would  result  in  moist  air.  The  con- 
trary is  the  fact,  and  the  reason  for  it  is  plain. 
In  the  first  place  the  water  is  cold,  hence 
the  air  is  reduced  in  temperature.  This  re- 
duction causes  condensation  of  moisture  on 
the  water  surface  of  the  bubble  of  air,  hence 
the  water  is  constantly  taking  water  out  of  the 
air.  Water  has  an  affinity  for  its  like  and  is 
an  excellent  condensing  medium.  Again,  when 
the  air  is  produced  by  this  hydraulic  system  it 
is  discharged  at  reasonably  low  temperatures 
— temperatures  usually  lower  than  those  at 
which  it  is  used,  hence  from  the  time  of  com- 
pression to  the  time  of  use  there  is  an  in- 
crease in  temperature  which  means  a  drying 
process  or  a  lessened  liability  to  drop  mois- 
ture. 

Another  illustration  of  this  point  is  shown  in 


the  water  injection  air  compressor,  which 
forces  a  spray  of  water  into  the  cylinder  dur- 
ing compression.  So  long  as  this  water  is 
cold  the  air  is  produced  comparatively  dry. 
When  the  Washington  (  D.  C.),  aqueduct  was 
built — about  twenty  years  ago — water  injec- 
tion air  compressors  were  used.  Difficulties 
were  experienced  in  keeping  sufficient  cold 
wafer  in  contact  with  the  air  during  compres- 
sion, hence  the  discharge  pipes  accumulated 
considerable  water  due  to  reduced  tempera- 
tures as  the  air  was  carried  over  the  hills, 
aided  perhaps  by  insufficient  areas  of  valves 
and  passages,  which  resulted  in  carrying  some 
of  the  injection  water  over  with  the  air.  How- 
ever this  may  be,  the  remedy  was  found  by 
pumping  cold  water  into  the  air  receivers  and 
discharging  the  compressed  air  directly  from 
the  compressor  below  the  surface  of  the  wa- 
ter in  the  air  receivers.  So  long  as  the  water 
in  the  receivers  was  kept  cold  this  air  when 
discharged  below  the  surface  left  its  moisture 
in  the  receiver  and  no  further  trouble  was  ex- 
perienced in  the  line  or  in  the  tunnel. 

The  points  mentioned  are  pertinent  just  now 
in  connection  with  efforts  made  by  the  Rapid 
Transit  Commission  in  New  York  to  make  the 
Subway  more  comfortable.  The  popular  im- 
pression that  the  Subway  is  badly  ventilated  is 
erroneous.  It  is  a  rare  thing  that  tunnels  are 
as  well  ventilated  as  the  New  York  Subway. 
The  shafts  are  usually  four  in  number,  sit- 
uated about  half  a  mile  apart,  and  anyone  go- 
ing up  or  down  the  stairs  realizes  the  thor- 
ough draft  of  air  in  and  out,  which  cannot 
but  produce  wholesome  ventilation.  The 
trouble  with  the  Subway  is  that  it  is  hot  and 
that  the  conditions  of  moisture  are  uncomfort- 
able. Dr.  George  A.  Soper  was  employed  by 
the  Rapid  Transit  Commission  to  investigate 
the  air  in  the  Subway.  He  reported  that  in 
July  last  the  Subway  was  5.6  degrees  warmer 
than  the  street ;  that  in  the  fall  of  the  year 
the  warmth  of  the  Subway  was  greater  rela- 
tively than  on  the  street,  the  difference  at  one 
time  being  as  great  as  13  degrees.  As  to  hu- 
midity. Dr.  Soper  said  that  it  had  been  foimd 
that  the  Subway  was  dryer  than  the  street. 
Dr.  Soper  referred  also  to  the  dust  in  the  Sub- 
way as  being  composed  largely  of  bits  of  iron 
which  came  from  the  wear  of  the  brakes. 

The  chief  trouble  is  one  of  temperature, 
and  although  every  one  docs  not  agree  witli 
Dr.    Soper   in    that   the   air   in    the   .Subway   is 
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dryer  than  the  air  in  the  street,  yet  tlie  un- 
comfortable feeling  wliich  undoubtedly  exists 
there  is  due  mainly  to  the  temperature  condi- 
tions. The  simplest  way  to  remedy  this  is,  of 
course,  to  "lift  the  lid."  but  as  this  cannot  be 
done  it  becomes  a  question  of  how  best  and 
cheapest  to  cool  the  Subway.  It  is  plain  that  a 
s}'stem  of  cooling  pipes,  carrying;  brine,  might 
be  established  throughout  tlic  limits  of  the 
tunnel,  and  in  this  way  the  temperature  might 
be  considerably  reduced,  but  the  expense  of 
such  a  system  would  be  great,  and  while  the 
temperature  conditions  would  be  improved  the 
uncomfortable  effect  from  the  dust  particles 
would  still  exist. 

What  simpler  or  better  plan  can  be  found 
than  to  use  natural  conditions  of  moisture  and 
air?  We  have  all  noticed  that  on  a  muggy 
day  the  atmosphere  has  a  regular  Subway  feel- 
ing and  that  along  during  the  afternoon  as  the 
clouds  accumulate  and  rain  falls  in  torrents 
this  muggy  atmosphere  is  cleared  and  it  has  a 
crisp,  fresh  feeling.  This  is  due  to  cooling 
and  condensation  of  moisture.  In  the  Sub- 
way, between  the  stations  and  directly  over 
the  tops  of  the  cars,  pipes  might  be  laid,  dis- 
charging a  spray  of  air  and  water,  the  com- 
pressed air  being  used  at  moderate  pressures 
simply  to  spray  the  water,  and  in  this  w-ay  a 
certain  reduction  in  temperature  would  re- 
sult and  a  clearing  of  the  atmosphere  by  a 
washing  process.  This  need  not  be  carried  out 
to  the  extent  of  producing  any  large  volume 
of  water.  On  the  contrary,  the  spraying  of 
the  water  acting  like  a  garden  hose  w^ould  pro- 
duce the  maximum  cooling  effect  with  the 
minimum  quantity  of  water  used.  There  must 
surely  be  in  the  Subway  sufficient  provision 
for  drainage  to  take  care  of  what  little  water 
might  be  discharged  on  the  floor.  Further- 
more, it  would  seem  that  if  the  drainage  con- 
ditions there  are  not  sufficient  they  .should  be 
increased,  because  it  would  certainly  do  the 
Subway  no  harm  to  be  washed  in  this  way. 
One  objection  to  the  Subway  is  that  there  is 
an  accumulation  of  dirt  in  the  roadbed  which 
gets  no  chance  to  be  clariiied.  The  spray  sys- 
tem of  cooling  by  compressed  air  and  water 
is  not  a  new  thing.  It  is  found  in  natural  as 
well  as  artificial  conditions.  Mines  that  are 
very  wet,  as  for  in.stance  the  Clover  Leaf  in 
the  Black  Hills,  where  water  pours  in  streams 
through  the  roof,  is  one  of  the  most  com- 
fortable mines  to  work  in,  because  there  is  a 


crisp,  cool  feeling  to  the  air  and  a  freedom 
from  all  muggy  Subway  conditions.  The 
spray  system  has  an  additional  cooling  advan- 
tage in  that  the  conversion  of  the  particles  of 
water  into  vapor  absorbs  heat,  just  as  heat  is 
absorbed  when  water  is  converted  into  steam. 
These  particles  of  vapor  must  get  their  heat 
from  the  atmosphere  as  the  steam  gets  its  heat 
from  the  coal  and  water. 


IS    IT    MR.    ANANIAS     OR     MR. 
IGNORANCE  ? 

Is  it  Mr.  .Ananias  or  .Mr.  Ignorance  who 
writes  machinery  catalogs,  or  do  they  collabor- 
ate? The  thought  prompting  the  question  that 
forms  the  title  of  this  editorial  is  induced  by 
the  sights  one  sees  on  every  side  of  small  ma- 
chinery installations  which  come  to  grief  on 
the  rocks  of  misrepresentation. 

Who  misrepresented? — Mr.  Ananias  or  Mr. 
Ignorance  ?  Let  us  consider  misrepresentation 
by  catalog  and  leave  to  some  future  time  the 
discussion   of  the  same  trait  in  the  salesman. 

The  aim  of  the  machinery  catalog  should 
be  to  show  the  prospective  user  that  it  is  to 
his  interest  to  buy,  to  bring  to  his  attention 
the  merits  and  advantages  of  using  the  par- 
ticular machine  referred  to  in  the  catalog  and 
to  keep  within  known  facts  in  order  that  the 
buyer  of  small  installations  may  gage  his  re- 
quirements in  cases  where  several  machines 
are  dependent  on  each  other  for  the  efficient 
and  economical  operation  of  the  entire  plant. 

We  will  give  an  imaginary  case  that  could 
easily  hold  true  and  no  doubt  does  hold  true 
in  many  instances. 

Mr.  Stoneman  owns  and  has  been  operat- 
ing for  some  years  a  quarry  out  of  which  he 
has  been  able  to  make  a  scant  living  besides 
laying  up  a  little  capital.  He  hoped  to  install 
up-to-date  tools  in  order  to  get  what  he  con- 
sidered his  rightful  share  of  this  world's 
goods.  He  knew  his  output  was  co.sting  him 
too  much  and  his  limited  capital  would  not 
allow  him  to  call  into  consultation  an  ex- 
perienced engineer ;  but  a  happy  and  brilliant 
thought  struck  him — he  would  send  for  cata- 
logues! In  his  innocence  he  decided  to  read 
up  the  catalogues  and  "figure  out  his  own 
plant." 

Mr.  Compressorman  says  in  his  catalogue 
that  he  has  a  machine  with  a  capacity  of  lOO 
cu.  ft.  of  free  air  per  minute  when  running 
at    "N"    revolutions    per    minute    and    states 
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somewhere  in  the  catalogue,  inconspicuously  so 
that  it  will  not  prove  offensive  to  the  eye,  that 
this  is  "piston  displacement."  He  seldom  if 
ever  mentions  that  his  compressor  has  a  volu- 
metric efficiency  of,  say,  80%,  and  that  his  ma- 
chine only  delivers  80  cu.  ft.  of  free  air.  Mr. 
Stoneman  "figures"'  on  100.  He  sees  by  Mr. 
Pneumatic  Toolman's  catalogue  that  this  will 
run  five  plug  drills  continuously — for  doesn't 
the  catalogue  say  that  each  one  takes  20  cu. 
ft.  of  free  air  per  minute  at  "N"  pressure? 
Then  Mr.  Rock  Drillman  tells  him  that  his 
make  of  tools  will  drill  70  ft.  in  10  hours  and 
will  use  "N"  pounds  of  steam.  Mr.  Boiler- 
man  can  supply  just  the  right  boiler  to  run 
these  drills — his  catalogue  saj's  so.  Mr.  Stone- 
man  decides  to  run  his  10  h.  p.  (catalogue  rat- 
ing) compressor  with  Mr.  Gas  Engineman's  10 
H.  p.  (catalogue  rating)  gas  engine. 

M.W     SUCCESS    CROWN     HIS    EFFORTS. 

Mr.  Crusher's  machine  will  take  care  of  200 
tons  of  rock  (catalogue  rating)  per  hour  and 
requires  "N"h.  p.  Mr.  Steam  Enginemande- 
scribes  in  his  catalogue  just  the  engine  for  this 
work.     And  so  on  ad  infinitum! 

Mr.  Stoneman  "figured  out  his  own  plant," 
but  shortly  after  he  had  put  his  capital  into 
catalogue-rated  machinery  he  had  an  awaken- 
ing, the  shock  of  which  need  not  be  dwelt 
upon. 

And  why  should  this  condition  exist?  Why 
are  the  present  day  catalogues  of  use  chiefly 
as  samples  of  high-grade  printing — because  the 
"other  fellow"  rates  his  machinery  way  above 
its  possible  capacity?  Does  the  salesnian  fol- 
lo'iv  «/>  the  catalogue  verbatim,  or  does  he 
modify  the  cold  hard  type  and  let  himself  and 
his  employer  down  as  easily  as  possible  by  ob- 
scuring the  inconsistencies  with  a  voluminous 
discourse  couched  in  hyper-technical  terms? 


DENATURED    ALCOHOL. 

Now  that  the  free  alcohol  bill  has  been 
passed  by  the  Senate  we  believe  that  our  read- 
ers may  be  interested  in  knowing  how  this 
alcohol  is  prepared  for  market,  and  Germany, 
being  the  largest  manufacturer  of  this  sub- 
stance, is  naturally  looked  to  for  the  required 
information. 

This  matter  has  been  very  ably  treated  by 
Mr.  Mason,  formerly  Consul  General  to  Ber- 
lin, in  some  of  his  reports.  He  states  that 
most  of  the  free  alcohol  used  in  Germany  is 
"denatured"    or    rendered    unfit    for    drinking 


purposes  by  admixture,  in  the  presence  of  a 
government  official.  <ii  a  number  of  different 
substances  prescribed  by  a  very  elaborate 
statute  which  governs  this  complicated  sub- 
ject. There  are  two  classes  or  degrees  of  de- 
naturalizing, viz,  the  "complete"  and  the  "in- 
complete," according  to  the  purposes  for  which 
the  alcohol  is  to  be  ultimately  used. 

Complete  denaturalization  of  alcohol  by  the 
German  system  is  accomplished  by  the  addi- 
tion to  every  100  litres  (26!^  gals.)  of  spirits 
of:  (a)  two  and  one-half  litres  of  the  "standard 
denaturalizer,"  made  of  four  parts  of  wood  al- 
cohol, one  part  01  pyridin  (a  nitrogenous  base 
obtained  by  distilling  bone  oil  or  coal  tar), 
with  the  addition  of  50  grams  to  each  litre  of 
oil  of  lavender  or  rosemary;  (b)  one  and  one- 
fourth  litres  of  the  above  standard  and  two 
litres  of  benzol  with  every  100  litres  of  al- 
cohol. 

Incomplete  denaturization,  i.  e.,  sufficient  to 
prevent  alcohol  from  being  drunk,  but  not  to 
disqualifj'  it  from  use  for  various  special  pur- 
poses, for  which  the  wholly  denaturized  spirits 
would  be  unavailable,  is  accomplished  by  sev- 
eral methods,  as  follows,  the  quantity  and  na- 
ture of  each  substance  given  being  the  pre- 
scribed dose  for  each  100  litres  (26;/^  gal.s.) 
of  spirits:  (c)  five  litres  of  wood  alcohol  or 
one-half  litre  of  pyridin;  (d)  20  litres  of  solu- 
tion of  shellac,  containing  i  part  gum  to  2 
parts  alcohol  of  90  per  cent,  purity  (alcohol 
for  the  manufacture  of  celluloid  and  pegamoid 
is  denaturized)  ;  (e)  by  the  addition  of  i  kilo- 
gram camphor  or  2  litres  oil  of  turpentine,  or 
one-half  litre  benzol  to  each  100  litres  of  spirits- 
The  price  of  denaturized  alcohol  varies  in 
the  different  States  and  provinces  of  the  Ger- 
man Empire  in  accordance  with  the  yield  and 
consequent  market  price  of  potatoes,  grain  and 
other  materials.  At  the  present  time  alcohol 
of  95  per  cent,  purity,  which  is  the  quality 
ordinarily  used  in  Gennany  for  burning,  sells 
at  wholesale  from  28  to  29  pfennigs  (6.67  to 
6.9  cents)  per  litre  (1.06  quarts),  and  at  re- 
tail  for  a  pfennigs    (7.85  cents)   per  litre. 

Of  completely  denaturized  alcohr)|  there  was 
used  in  Germany  during  the  year  1903-1904. 
931,406  hectolitres  denaturized  by  process  (a), 
as  described  above,  and  52,764  hectolitres 
which  had  been  denaturized  by  process  (b). 
'Ibis  made  a  total  of  26,080,505  gallons  of 
wholly  denaturized  spirits  used  during  the 
year    for    heating,    lighting,    variou-    jjrocesses 
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of  manufacture  and  for  the  operation  of  num- 
erous direct  coml)ustion  engines  throughout 
the  empire. 


AMERICAN  TOOLS  ABROAD. 

Exports  of  machinery  and  tools  from  the 
United  States  have  been  increasing  rapidly. 
For  nine  months  ending  with  ]\Iarch  the  ex- 
ports of  tools  of  certain  classes  were  a  mil- 
lion dollars  in  value  in  excess  of  the  exports 
for  the  corresponding  months  a  year  ago,  while 
saws  increased  over  $100,000,  cutlery  nearly 
$150,000,  firearms  over  $500,000,  cash  registers 
$300,000,  electrical  machinery  $400,000,  metal- 
working  machinery  $1,753,000,  printing  ma- 
chinery $150,000,  pumps  and  pumping  machin- 
ery $1,220,000,  sewing  machines  $1,000,000,  lo- 
comotives $2,300,000,  and  so  on  with  other 
articles  under  the  head  of  machinery. 

Lieut.  Godfrey  L.  Garden,  writing  in  Har- 
per's  IVcekly,  says : 

"Ten  years  ago  one  might  have  traveled  the 
length  and  breadth  of  the  Rhein  provinces,  the 
great  iron  and  steel  district  of  Germany,  and 
in  all  the  leading  shops  one  would  have  found 
English  tools.  To-day  all  this  is  changed,  and 
in  lieu  of  English  tools  one  finds  now  for  all 
ordinary  work  German  stock  tools;  but  one 
also  finds  in  nearly  all  the  first-class  establish- 
ments a  group  of  American  machine  tools  for 
the  high-grade  work — a  silent  tribute  to  the 
excellence  of  our  output.  I  found  machine 
tools  from  I'rovidence,  Hartford,  Plainheld. 
Philadelphia,  Wilmington,  Cincinnati,  Hamil- 
ton, Cleveland — in  fact,  from  all  the  first-class 
.'\merican  shops.  I  feuml  im  tools  of  the  sec- 
ond or  third  grade  make.  If  one  would  know 
which  are  the  best  American  machine  tools  go 
to  ricrmanv.      The  Germans  know." 


NEW    PUBLICATIONS. 

SHAFT  CiOVERNORS.— By  W.    Thinks,  M. 
E.,  and  C.  HorsuM,  New  York:     D.  Van 
Nostrand  Co.     (Van  Nostrand  Science  Se- 
ries.)     P>oar(ls ;    3'/4x6  inches;    p]).   97;    27 
figures,   partly    in    the   text,   and    16   tables. 
50  cents. 
This  book   is  stated  to  1)l-   the  outgrowth  of 
notes  and  rules  used  by  the  authors  in  the  de- 
sign and  adjustment  of  engines.     It  relates  to 
the   statics   of   shaft   governors   only,    and   the 
authors  state  that  a  second  volume  treating  of 
the     subjects;     gravity     balance,     disturbances 


caused  by  too  small  rotating  masses  in  eccen- 
tric, sj'nchronous  oscillations  of  spring  and 
various  dynamic  actions  of  shaft  governors, 
will  shortly  be  issued  if  the  present  volume 
meets  with  success.  It  is  very  much  to  be 
hoped  that  the  volume  in  hand  will  receive 
such  a  welcome  that  the  authors  will  feel  dis- 
posed to  present  to  the  mechanical  world  their 
further  researches  in  connection  with  this  im- 
portant subject,  as  at  the  present  time  there  is 
practically  nothing  published  on  shaft  gov- 
ernors and  their  design  and  operation. 

The  present  volume,  while  highly  theoretical 
in  its  text,  treats  the  subject  of  centrifugal  mo- 
ment, reacting  moment  caused  by  friction  of 
valves,  friction  of  eccentric  strap,  spring  mo- 
ment, influence  of  mass  of  helical  governor 
springs  in  a  very  thorough  and  exhaustive 
manner  and  we  believe  that  on  this  account 
this  little  book  should  be  of  the  utmost  value 
to  designers,  manufacturers  of  steam  engines, 
and  engineers  in  general.  In  preparing  this 
work  the  authors  have  conferred  a  benefit  upon 
the  engineering  profession  as  they  have  placed 
before  the  public  exhaustive  data  upon  a  sub- 
ject which  hitherto  has  received  very  little 
attention. 


MINE    AND    QUARRY.— Published   by    The 

Sullivan  Machinery  Co.  and  issued  quar- 
terly hy  their  .Vdvertisiiig  Department. 
'The  publishers  state  that  the  object  of  this 
paper  is  to  familiarize  each  reader  with  the  dif- 
fi'rent  classes  of  machinery  nrmufactured  by 
The  Sullivan  Machinery  Co.,  and  that  this  aim 
will  be  attained  by  rendering  descriptions  of 
engineering,  mining  ;ind  quarrying  undertak- 
ing of  special  interest,  in  which  the  \arious 
machines  have  been  or  are  employed;  by  men- 
tion and  illustration  of  new  machines  and  of 
improvements  to  existing  types.  They  will 
also  render  discussions  and  suggestions  regard- 
ing the  best  practice  in  the  application,  use  and 
care  of  machines  under  different  conditions. 

The  pajjer  is  most  ;ittractive  in  outward  ap- 
pearance and  its  reading  matter  is  exceedingly 
interesting,  containing  as  it  does  articles  on 
Rock  Excavations  at  Panama,  Modern  .Meth- 
ods at  an  Illinois  Mine,  Diamond  Drilling.  The 
Power  Extension  of  the  Chicago  Drainage 
Canal,  Low  Cost  of  Compre'-sing  .'Vir  for  Drills, 
and  other  items  of  interest.  It  is  printed  on 
high  quality  paper  and  the  mimerous  half-tone 
illustrations    are    shown    to    advantage.      Mine 
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and  Quarry  will  be  sent  free  of  charge  to  any 
address  upon  request. 


The  American  Society  of  Refrigerating  En- 
gineers' Year  Book  for  1906  has  just  been  is- 
sued. It  contains  the  constitution,  by-laws  and 
directory  of  members.  A  copy  of  this  may  be 
had  by  addressing  the  secretary,  Suite  .S06, 
258  Broadway,  New  ^'ork  City. 


TRADE    PUBLICATIONS. 

Pratt  Institute,  Brooklyn,  X.  Y.  Pratt  In- 
stitute Record,  1904- 1905,  containing  report  of 
the    secretary. 

C.  Drucklieb.  1.^2  Read  street.  New  York. 
"Sandcraft,"  an  illustrated  booklet  covering 
the  design  and  application  of  the  Injector 
Sand  Blast,  and  containing  much  valuable  in- 
formation and  data  on  the  general  subject  of 
sand  blasting. 

Westinghouse  Electric  &  ^Nlfg.  Co.,  Pitts- 
burg, Pa.  Circular  No.  1128,  illustrating  and 
describing  small  power  motors. 

Purdue  University,  Lafayette,  Ind.  Cata- 
logue containing  a  register  of  the  students 
during  1905-1906,  lists  of  the  faculty  and  an- 
nouncements  for    1906-1907. 

University  of  Illinois  Press  Bulletin  out 
lining  summer  courses  for  1906.  Contains  in- 
formation relative  to  the  growth  of  the  college 
and  of  important  fuel  tests  which  will  be  car- 
ried out  by  the  State  Engineering  Experiment 
Station  recently  established  at  the  university. 

Milton  L.  Hughes  &  Co.,  Consulting  Engi- 
neers, 324  Dearborn  street,  Chicago.  A  book- 
let, entitled  "The  Hughes  Idea,"  dealing  with 
power  plant  economics  and  explaining  a  new 
and  original  system  for  saving  money  in  the 
power  plant. 

Stanley  Electric  ]\[fg.  Co.,  Pittsfield,  Mass. 
Bulletins  Nos.  603,  604  and  605,  illustrating 
carbon-break  circuit-breakers  and  small  direct 
current  motors. 

Rockwell  Engineering  Co.,  26  Cortlandt 
street,  New  York,  circular  illustrating  and  de- 
scribing pot  furnaces  for  lead  and  cyanide 
hardening,  and  for  melting  soft  metals. 

Unit  Concrete  Steel  Frame  Co.,  Common- 
wealth Building.  Philadelphia,  Pa.— Report  of 
tests  on  the  Unit  System  of  Reinforced  Con- 
crete made  under  the  supervision  of  the 
engineering  staffs  of  the  building  bureaus 
of  New  York  and  Philadelphia.  Includes  tests 
by  loading,  tire  and  water  by  Prof.  Ira  M. 
Woolson,  E.  M..  of  Columbia  I'niversity.  New 


\  ork.  Tests  by  applied  loads  until  destruc- 
tion and  tests  by  stationary  loads,  moving  loads 
and  vibratory  loads  in  actual  practice. 

Baldwin  Locomotive  Works,  Philadelphia, 
Pa.  Booklet  No.  55,  being  a  record  of  recent 
construction.  This  booklet  is  devoted  to  a 
description  of  the  Walschaert  Valve  Gear  now 
being  used  on  a  number  of  the  locomotives 
manufactured  by  this  company. 

Bury  Compressor  Co.,  Erie,  Pa.  Bulletin 
No.  30,  illustrating  and  describing  their  duplex 
and  compound  air  compressors,  steam  and  belt 
(iri\en. 

Sullivan  Machinery  Co.,  Chicago,  111.— Bul- 
letin No.  48-F.  for  April,  describing  and  illus- 
trating the  Sullivan  continuous  coal  cutter  for 
undercutting  coal  in  room  and  pillar  mines. 

Niles-Bement-Pond  Co.,  in  Broadway,  New 
Vork — Progress  Reporter  for  May  and  June, 
describing  various  new  machine  tools  being 
placed  on  the  market. 


TWENTY-FIVE  years  ago  the  United 
States  produced  27.000  tons  of  copper. 
The  production  during  1905  was  prac- 
tically 400.000  tons,  or  more  than  half  the 
world's  totat  supply.  The  value  of  last  year's 
output  may  be  given  at  $160,000,000. 

The  uses  of  this  metal  are  steadily  grow- 
ing. It  is  estimated  that  by  1920  the  require- 
ments of  the  world  wjll  reach  1.500.000  tons. 
Ihe  L'nited  States  will  probably  hold  its  pres- 
ent place  in  the  market.  New  deposits  are 
opened  from  time  to  time.  There  are  known 
districts  yet  undeveloped  in  the  Western 
mountains,  and  .Alaska  is  rich  in  copper.  .Mex- 
ico and  Canada  are  coper  countries  and  sen<l 
the  United  States  ore  and  matte  for  smelting, 
and  pigs,  bars  and  ingots  for  manufacture. 

riie  increasing  sujtply  of  the  metal  |)roniises 
to  keep  prices  within  reasonable  bounds,  winle 
the  increasing  demand  fairly  assures  am|)le 
profits  to  the  owners  of  copper  properties.  No 
available  substitute  has  yet  been  found  for 
its  use  for  electrical  purpt)ses,  and  the  em- 
l)loyment  of  electricity  increases  from  year  to 
year.  Ihe  day  of  copper  has  come,  ami  there 
is  every  reason  to  believe  it  will  be  a  long 
day. 

AH.VLL  of  inventions  is  proposed  lor  the 
Jamestown     Exposition,    where    unde- 
veloped  inventions   can    be    exhibited, 
the    belief    being  that  possibly  some  new  arts 
and  appliances  may  thus  be  brought  to  light. 
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A  MODEL  CAR  MANUFACTURING 
PLANT. 

The  new  sliops  of  the  Ernst  Wiener  Com- 
pany are  devoted  to  the  manufacture  of  in- 
dustrial railway  equipment  of  every  descrip- 
tion for  mines,  quarries,  contractors,  planta- 
tions, brick  yards  and  manufacturing  plants. 
The  aggregate  floor  area  exceeds  three  acres, 
and  the  location  of  the  buildings  upon  a  twelve 
acre  lot  provides  for  liberal  future  expansion. 


of  six  lunidred  feet  on  the  yards  of  the  Penn. 
R.  R..  B.  &  O..  P.  &.  L.  E..  and  the  Erie  R.  R., 
providing  unexcelled  facilities  for  shipping 
product. 

The  drawing  accompanying  this  article 
shows  the  location  of  the  principal  buildings. 
These  comprise  a  new  shop,  80  x  200  feet ;  car 
erecting  shop,  80  x  270  feet ;  woodworking 
shop,  80  x  160  feet ;  foundrj',  60  x  no  feet ;  and 
a  machine  shop,  60  x    160  feet;  besides  num- 


CKNERAL    I'L. 

In  erecting  the  new  additions  to  this  plant, 
great  care  was  taken  to  embody  the  latest  ideas 
as  regards  design  and  e(|uii)nient.  that  they 
mijdit  be  up-to-date  in  every  particular. 

I  he  location  of  these  sliojis  at  Youngstovvn, 
Ohio,  enables  the  management  to  obtain  raw 
material  at  a  very  low  cost.  This  material 
being  made  at  a  very  short  distance  from  the 
shops.  Furthermore,  most  of  the  principal 
railroads  of  the  country,  including  the  Penn- 
sylvania, Erie,  Lake  Shore  &  Michigan  South- 
ern. Maltimor-  &  Ohio.  Pittsburg  &  Lake  Erie 
and  Youngstown  &  Southern,  center  at  this 
point.     The  shojjs  tiieniselves  have  a   frontage 


\N    OK    SHOTS. 

erous  small  buildings  situated  throughout  the 
yards  and   used   for   storage  purposes. 

Throughout  the  plant  the  transportation  of 
raw  material  has  been  well  worked  out.  Spur 
tracks  from  the  yards  of  the  railroads  named 
above  run  into  the  grounds  whero  they  branch 
out  into  nine  sidings  reaching  to  all  the  prin- 
cipal shops,  and  one  of  which  leading  directly 
into  the  machine  shop  and  extending  the  full 
length  of  the  building.  Besides  these  standard 
gage  tracks  there  is  provided  an  industrial 
railway  system  connecting  machine  shop, 
foundry,  car  erecting  shop,  etc. 

The    building    construction    is    of    ccMiiposite 
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cliaracter.  brick  being  usod  for  all  the  walls ; 
steel  girders  and  columns  are  employed  in  the 
new  shop,  dividing  the  wall  into  ten  panels, 
each  containing  six  large  windows.  This 
shop  being  the  newest  of  the  group  is,  there- 
fore, of  most  interest.  It  is  exceedingly  well 
lighted  and,  there  being  no  overhead  shafting, 
a  clear  headway  is  provided  throughout  the 
entire  central  portion  of  the  building.  The 
floor  is  of  4-inch  yellow  pine  laid  on  slag  fill- 
ing ;  each  machine,  however,  being  provided 
with  a  special  foundation  of  concrete.  The 
roof  is  supported  on  lo  steel  trusses  and  is 
covered  with  asphalt  roofing.  A  skylight  runs 
the  entire  length  of  the  building,  the  windows 
facing  east  and  west.  Along  the  east  side  a 
gallery  is  provided,  designed  to  sustain  200  lbs. 
per  square  foot,  under  which  the  smaller  ma- 
chine tools  are  located,  being  driven  by  the 
only  line  shaft  in  the  shop.  This  line  shaft 
is  operated  by  a  20  H.  P.  Westinghouse,  Type 
S,  electric  motor,  and  drives  nine  machines, 
including  two  boring  mills  for  large  car  wheels, 
two  lathes  of  JO-inch  swing,  shapers,  radial 
drills,  and  other  small  machine  tools.  .All  other 
machines  in  the  shop  are  provided  with  their 
own  individual  electric  motors.  It  will  not 
be  possible  here  to  enumerate  all  these  ma- 
chines, but  the  more  important  ones  com- 
prise a  6a-t(5n  hydraulic  ram  driven  by  a  3!^ 
H.  P.  motor,  one  special  axle  lathe  driven  by 
ii'/2  H.  P.  motor,  two  Pels  punches  driven 
by  4  II.  P.  motors,  one  punch  dri\in  Iiy  a  "'/> 
II.  P.  motor,  one  cold  saw,  chain  ilriven  by  a 
5  11.  P.  motor,  one  combination  i)unch  and 
shears,  besides  numerous  lathes,  shears,  rivet- 
ers, small  punches,  and  other  small  tools.  In 
the  south-east  corner  of  the  shop  is  located  an 
IngersoU-Rand  Imperial,  Type  11,  air  com- 
pressor, having  a  displaci'ment  capacity  of  250 
cubic  feet  of  free  air  per  minute  when  oper- 
ating at  180  R.  P.  .M.  This  compressor  is 
gear  driven  by  a  Westinghouse  50  H.  P.,  type 
S.  motor,  operating  at  850  R.  P.  M.,  and  con- 
trolled by  a  Cutler-Hammer  Self-Starter.  .\ir 
is  stored  in  a  42'"xio^  receiver  located  in  a  pit 
near  the  compressor.  From  the  receiver  a  4- 
inch  main  air  pipe  extends  underneath  the  floor 
floor  the  entire  length  of  the  building,  provid- 
ing numerous  one-inch  outlets  to  which  pneu- 
matic tools  may  be  connected.  These  tools  form 
an  important  part  of  the  shop's  er|uii)nu'nt 
since  there  is  a  great  deal  of  rivetting  and 
chipping  to  be  done,  as  most  of  the  small  steel 


cars  are  constructed  of  steel  plates  riveted 
together.  A  5-ton  electric  crane  operates  along 
a  central  craneway  80  ft.  wide.  This  crane  has 
a  lift  of  24  ft.  and  operates  at  the  following 
speeds  :  Main  hoist,  50  ft.  per  minute ;  bridge 
travel,  350  ft.  per  minute;  trolley  travel,  150 
ft.  per  minute.  Two  25  H.  P.  motors  take  care 
of  the  hoist  and  trolley  travel  and  a  2  H.  P. 
motor  is  used  for  bridge  travel.  At  each  end 
of  this  shop  there  are  large  double  doors,  per- 
mitting the  entrance  of  freight  cars.  Along  the 
west  side  there  are  two  smaller  doors  through 
which  an  industrial  railway  leads  to  the  other 
shops  of  the  plant.  As  a  rule  it  might  be  said 
that  rough  castings  are  received  at  the  north 
end  of  the  shop  and  that  finished  product  is 
shipped   from   the  south   end. 

The  material  manufactured  in  this  shop  con- 
sists entirely  of  steel  cars  and  metal  parts,  no 
wooden  cars  being  constructed  here  as  a  spec- 
ial shop  is  provided  for  that  class  of  work. 

Wooden  cars  are  erected  in  a  large  building 
situated  at  quite  a  distance  from  the  new  shop 
and  forming  one  of  a  group  of  buildings  which 
comprise  the  older  part  of  the  plant.  It  is  270 
ft.  long  by  80  ft.  wide  and  contains  16  stand- 
ard gage  tracks  running  crosswise  of  the 
building  and  having  a  capacity  for  assembling 
;ji2  standard  gage  cars  at  a  time. 

A  transfer  table  operates  alongside  this 
shop  in  a  pit  350  ft.  long  by  30  ft.  wide,  and  is 
used  for  conducting  the  various  finished  sec- 
tions, such  as  trucks,  and  frames  from  the 
other  shops  to  the  erecting  shop,  .\cross  the 
transfer  table  from  this  shop  are  located  the 
woodworking  and   forge  shops. 

These  shops  are  well  provided  with  machine 
tools,  driven  in  groups  from  shafting  operated 
by  25  and  50  H.  P.  electric  motors.  The 
forge  shop  contains  seven  forges  operated  by 
compressed  air  under  25  |)ounds  pressure.  It 
also  contains  steam  hanuners,  a  bulldo/er,  a 
gang  drill,  numerous  small  drill  presses,  bolt 
threading  machines  and  automatic  bolt  and 
nut  machines.  Bar  iron  is  stacked  just  outside 
the  building  and  large  steam  eiigine-tlriven 
shears  are  provided  for  cutting  stock. 

Hack  of  this  group  of  buildings  is  situated 
a  large  lumber  yard  containing  over  one  mil- 
lion cubic  feet  of  lumber  which  is  kept  on 
hand   for  stock  purposes. 

The  ff>undry,  situated  north  of  this  group  of 
buildings,  is  of  ain|)le  size,  60  x  no  ft,  and  is 
used   for  casting  car   wheels,  brake  shoes.  U\- 


4126 


COMPRESSED     AIR. 


tures  and  other  parts  used  in  car  constructicn. 
It  is  well  lighted  and  provided  with  moulditig 
machines  and  machine  tools  driven  by  a  20  H. 
P.  electric  motor.  Fuel  and  iron  are  carried 
to  the  charging  floor  by  a  hydraulic  elevator 
of  one  ton  capacity  and  having  a  platform 
6'  X  6'.  This  foundry  is  one  of  the  older 
buildings,  but  it  is  the  intention  of  the  man- 
agement to  bring  it  up-to-date  in  every  par- 
ticular. Pneumatic  sand-rammers,  chipping 
hammers   and    other   improved   apparatus    will 


costing  but  28  cents  per  1,000  ft.  As  the  en- 
gines, however,  only  consume  10^  cu.  ft.  per 
horsepower  hour,  the  cost  of  fuel  is  therefore 
only  $0,003  per  horsepower  hour.  It  would  be 
hard  to  find  a  more  economical  power  plant  in 
the  country.  The  engines  thus  far  have  been 
running  night  and  day  and  have  operated  most 
satisfactorily.  Cooling  water  for  the  jackets 
is  obtained  from  a  cooling  pit.  having  a  capac- 
ity for  38,000  gallons,  and  is  circulated  by 
means  of  a  centrifugal  pump. 


PNEUM.XTIC  TOOLS  .ARE  EXTKXSIN' 
IXDUSTRI.AL  R 

very  shortly  be  installed. 

Power  plant:  Motive  power  for  the  entire 
works  is  generated  in  a  power  house,  30  x  40 
ft.  in  size  and  containmg  three  85  H.  P.  West- 
inghouse  gas  engines  direct  connected  to  57j4 
K.  W.  electric  units.  This  building  forms  one 
of  the  most  important  installations  of  the  en- 
tire group  as  it  provides  an  exceedingly  econ- 
omical motive  power  for  the  works.  The  en- 
gines are  run  by  natural  gas  possessing  a  cal- 
orific value  of  1,000  B.  T.  U.  per  cubic  ft.,  and 
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i  he  engines  are  supported  on  foundations, 
5  ft.  in  depth  and  each  containing  16  cu.  yards 
of  concrete.  The  total  weight  on  each  foun- 
dation is  36,000  lbs. 

Six  No.  .0000  cables  lead  from  the  power  plant 
to  the  new  machine  shop;  two  No.  .0000  cables 
lead  to  blacksmith  and  woodworking  shops, 
and  one  No.  .00  cable  leads  to  the  foundry.  A  cur- 
rent of  220  volts  is  used  for  both  power  and 
lighting. 

A  general  office  building,  situated  at  the  en- 
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trance  to  the  ground^,  coiilains  the  office  of  the 
superintendent,  a  drafting  room,  library  and  a 
room  for  making  blue  prints  by  the  Wagen- 
horst    Automatic    Electric    Process. 

All  buildings  are  provided  with  fire  extin- 
guishing apparatus.  Water  mains  supi)ly  water 
under  60  lbs.  pressure  to  numerous  hose 
boxes,  besides  which  fire  pails  and  e.xtinguish- 
ers  are  met   with   at  convenient  points. 


LIQUID  AIR'S  USE 

Cheap  oxygen  is  the  one  impnrtant  product 
thus  far  obtained  from  liquid  air,  for  which 
such  extravagant  prophecies  have  been  made. 
.■\s  the  nitrogen  and  oxygen  of  iIk-  liquid  ;iir 
return  to  the  gaseous  state,  at  ditTerent  tem- 
peratures, it  has  proven  to  be  possible  to  sep- 
arate them  by  fractional  distillation,  and  as 
the  evaporation  of  the  gases  cools  the  air  en- 
tering to  be  compressed  in  the  apparatus,  the 
process  is  very  economical,  .\n  idea  of  this 
efficiency  has  lately  been  given  by  M.  Georges 
Claude.  His  plant  produces  1,000  cubic  metres 
of  oxygen,  with  a  purity  of  96  to  gS  per  cent. 
in  twenty-four  hours,  and  the  cost  in  France 
is  only  one-twentieth  of  that  of  oxygen  from 
the  electrolytic  decomposition  of  water. 

The  electric  arc  in  which  titanium  has  be^Mi 
distilled  has  ^  temperature  of  about  ,^,500  de- 
grees C.  flaking  allowance  for  uncertainty 
as  to  pressure  in  the  solar  atmos])here,  M. 
Moissan  concludes  that  points  on  the  sun  where 
titanium  is  seen  in  the  solar  spectrum  to  be 
volatilized  must  have  a  temperature  between 
two  estimates  of  such  heat  already  made — 6,590 
degrees  C.  and  2,000  degrees  to  3,000  degrees 
C.  The  probability  is  that  the  latter  is  nearer 
to  the  true  bent  of  the  sun  th.'ui  the  former. 
This  is  verv  much  kjwer  than  earlv  estimates. 


THR  excavation  of  iron  ore  by  electric  and 
compressed  air  shovels,  instead  of  steam 
shovels,  is  to  be  e.xperiniented  with  on  the 
.Mesabi  range  in  Minnesota;  an  electric  shovel 
for  this  purpose  is  now  being  built  by  the 
Bucyrus  Company.  It  is  hoped  to  economize 
by  generating  power  at  one  large  central  plant, 
instead  of  by  a  boiler  and  engine  on  each  of 
the  numerous  machines.  The  electric  power 
will  be  generated  at  the  new  Duluth  water- 
power  plant.  Experiments  are  also  being  made 
with  a  cableway  of  about  1,000  feet  span, 
handling  grab  buckets,  the  cableway  travelling 
over  the  ore  bed   as   the   work   progresses. 


feORRE-SPONDElVci^i 


To  the  Editor  of  Comi'KESskd  Aik: 

Dear  Sir: — I  am  contemplating  introducing 
pneumatic  hand  drills  in  my  stone  quarry  for 
drilling  block  holes.  Can  you  give  me  some 
data  and  enumerate  some  of  the  advantages 
derived  from  their  use,  and  supply  the  name 
of  some  manufacturer? 

My  quarry  is  a  limestone  one  and  the  rock 
is  all  crushed   for  road  work  and  coucrete. 

J.   S.  C. 

.\  nure  mention  of  the  data  concerning  one 
of  these  tools  will  make  the  advantages  obvi- 
ous. They  weigh  from  20  to  24  pounds,  and 
drill  a  hole  ]'4  inclies  to  i^  inches  in  diame'.er 
to  a  (lei)th  not  exceeding  4  feet.  The  drill  sieels 
which  are  supplied  in  any  lengths  from  6 
inches  to  4  feet,  have  a  hole  in  their  center 
running  their  entire  length,  the  object  being 
to  convey  a  blast  of  air  to  serve  the  double 
purpose  of  keeping  the  steel  cool  and  cleaning 
the  hole,  thereby  always  presenting  a  clean 
surface  to  the  cutting  edge  of  the  bit.  The 
bit  is  of  the  rosette  pattern,  which  insures  a 
round  hole  and  necessitates  rotation  through 
oulv  a  very  .small  angle,  which  is  accoini)li^hed 
by  the  operator. 

One  instance  that  came  under  our  observa- 
tion, that  will  sh..v.  the  phenomenal  work 
these  drills  will  do,  was  that  in  which  a  man 
with  no  experience  drilled  for  three  hours  at 
the  rate  of  nine  feet  per  hour,  hole  I'a  inches 
in  diameter  in  limestone,  but  the  writer  was 
told  that  this  speed  is  never  maintained  under 
actual  working  cimditions.  However,  in  a 
quarry  in  the  central  part  of  New  York  State. 
J  speed  of  75  feet  per  day  of  ten  hours  was 
maintained,  and  it  is  of  cf)mmon  occurrence  to 
drill  a  hole  one  foot  deep  in  two  minutes  in 
limestone,   and  three  minutes   in   hard   granite. 
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The  advantages  of  this  mode  of  drilling  over 
hand  work  are  obvious,  but  when  one  recol- 
lects that  for  an  i]4  inch  hole  three  men  (one 
holding  steel  and  two  sledging)  can  make  only 
about  ID  feet  a  day  of  ten  hours,  and  if  a  hole 
small  enough  for  one  man  to  handle  the  drill 
and  strike  is  used,  then  the  '"powder"  cannot 
be  put  in  the  place  where  it  will  do  the  most 
good,  he  is  forced  to  the  conclusion  that  his 
output  is  costing  him  money  that  could  other- 
wise be  saved. 


P 


RACTICAL  ITEMS  for 
PRACTICAL  MEN. 


To  the  Editor  of  Compressed  Ajr: 

Dear  Sir: — I  have  just  purchased  a  second- 
hand straight  line  air  compressor,  fitted  with 
a  fly-ball  governor  in  combination  with  an  air 
regulator.  Will  you  kindly  tell  me  how  the 
latter  should  be  piped  up?  A.  S.  Be.'KL. 

The  air  connection  to  the  pressure  regulator 
should  always  be  run  from  the  receiver.  If 
this  connection  were  made  to  the  air  main  or 
discharge  pipe,  the  pressure  so  obtained  might 
be  below  normal,  due  to  the  rapidity  of  flow- 
in  those  lines.  By  connecting  to  the  discharge 
pipe  an  even  pressure  is  obtained  free  from 
pulsations. 


OXE  of  the  first  air  reheaters  ever  built  was 
designed  for  use  with  a  rock  drill,  and 
consisted  of  a  small  chamber  attached 
i(j  and  connected  with  the  supply  pipe  close  to 
the  air  chest.  This  chamber  was  filled  with  oily 
waste,  which  was  found  to  burn  freely  and  add 
the  hot  products  of  combustion  to  the  inflowing 
compressed  air.  In  the  next  design,  a  paraflin 
lamp  was  placed  in  the  chamber,  and,  as  be- 
fore, the  products  of  combustion  were  taken 
through  the  drill  along  with  the  compressed 
air.  These  experiments,  though  only  carried 
out  on  a  small  scale,  were  sufficient  to  demon- 
strate the  advantage  of  utilizing  the  heat  and 
gases  of  combustion ;  but  oil  is  generally  an 
expensive  fuel,  and  the  drill  operator,  liavini; 
no  interest  in  reducing  the  amount  of  com- 
pressed air  used  by  the  drill,  cannot  be  in- 
duced to  bother  with  separate  reheaters  at- 
tached to  each  drill. 


COMPRESSED  AIR  is  in  receipt  of  a 
notice  from  "Purchasers'  Guide"  of  Oswego, 
N.  Y.,  stating  that  they  desire  catalogues  of 
all  lines  that  may  be  issued  by  our  advertisers 
and   subscribers. 


WATER  FOR  CONDENSING  PUR- 
POSES. 

The  amount  of  water  required  for  the  oper- 
ation of  either  a  jet  or  surface  condenser  may 
be  easily  ascertained  if  it  be  borne  in  mind 
that  there  is  a  certain  amount  of  heat  in  the 
steam,  and  that  this  heat  has  to  be  transferred 
to  the  condensing  water.  A  26-incli  vacuum 
corresponds  approximately  to  an  absolute 
pressure  of  two  pounds  per  square  inch,  at 
wiiich  pressure  the  steam  will  have  a  tempera- 
ture of  approximately  126  degrees  Fahr.  In 
one  pound  of  steam  at  this  pressure  the  latent 
heat  is  equal  to  1,026  British  thermal  units, 
and  therefore  a  quantity  of  water  will  be  re- 
quired which  is  capable  of  absorbing  this  heat, 
reaching  a  final  temperature  not  exceeding  126 
degrees  Fahr.  Assuming  that  the  condensing 
water  is  at  a  temperature  of  60  degrees  Fahr., 
we  are  then  able  to  figure  on  raising  its  tem- 
perature 66  degrees,  which  will  require  ap- 
proximately 66  British  thermal  units,  per 
pound.  If  we  divide  1,026  units  (the  amount 
contained  in  one  pound  of  steam  in  the  form 
of  latent  heat)  by  sixty-six  units  (the  amount 
absorbed  by  I  pound  of  water)  we  find  that 
15' J  pounds  of  water  are  required  to  con- 
dense I  pound  of  steam.  This,  of  course,  is 
the  theoretical  amount  for  the  above  stated 
conditions.  In  actual  practice  a  combination 
of  lower  vacuum,  and  higher  initial  tempera- 
ture of  condensing  water,  will  require  a  greater 
weight  of  water  per  pound  of  steam  condensed. 
In  warnu-r  climates  it  is  the  custom  of  manu- 
facturers to  re(iuirc  an  available  quantity  of 
condensing  water  at  least  twenty-seven  or 
thirty  times  the  weight  of  steam  which  is  ex- 
pected to  come  from  the  engine.  While  in 
soiul-  rare  cases  this  quantity  of  water  will 
actually  he  required  during  the  summer 
months,  still  the  average  consumption  of  cool- 
ing water  will  be  found  to  be  very  much  less. 


CARE  OF  PISTON  RINGS 

If  tlu-re  is  any  one  part  of  an  engine  that  is 
neglected  it  is  the  piston  rings,  or  packing 
rings,  as  they  are  sometimes  called. 

Engines  that  are  intended  for  high  speed 
and  are  running  almost  continuously  every 
day,  should  have  the  rings  examined  at   least 
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once  a  year,  and  tlu'  sliarp  edges  rmiiuled  off 
witli  a  sniootli  tile.  If  tliey  are  snap  rings,  and 
are  worn  a  little  small,  they  slionld  be  peened 
ont   witli  a  light   flat  ])een  hammer. 

i  he  proper  way  to  do  this  is  to  ha\e  an 
assistant  hold  the  ring  linnly  on  a  hjnch 
block  with  both  hands  near  the  joint,  so  as  to 
prevent  any  jar.  which  might  cause  it  to 
crack.  Start  from  the  center  right  opposite 
the  joint,  and  hammer  around  about  half  way 
to  the  joint,  with  the  peen  end  of  the  hammer, 
striking  it  about  every  Vj  inch.  Then  start 
from  the  center  again  and  peen  the  other  sid(> 
the  same  distance.  The  rings  slu)uld  then 
be  tried  in  the  cylinder  to  see  how  the  joints 
look,  but  be  sure  that  they  are  left  open  about 
l-l6  of  an  inch.  It  is  well  to  tr\  tliem  the 
full  length  of  the  cylinder,  as  it  is  often  a  lit- 
tle smaller  in  the  middle  than  at  the  ends.  I 
have  fitted  rings  this  way  and  run  them  for 
two  years,  with  good  results,  but  I  do  not 
mean  to  infer  that  they  are  as  good  as  a  set 
of  new  ones.  Very  few  engineers  will  have 
a  spare  set  on  hand,  and  are  obliged  to  i)ut 
the  old  ones  back  no  matter  in  what  condition 
they  may  be.  It  is  well  to  take  all  measure- 
ments for  a  new  set,  so  as  to  have  them  all 
ready  to  put  in  the  next  time  you  are  giving 
the  engine  an  .overhauling.  The  proper  way  to 
do  this  is  to  "run  the  piston  to  the  crank  end. 
Then  with  a  piece  of  ^-inch  wire,  pointed  at 
both  ends,  get  the  exact  diameter  of  the  cylin- 
der in  the  smallest  place.  Should  j^ou  file  the 
wire  a  little  short,  just  hammer  it  slightly  in 
the  center,  which  will  lengthen  it  again.  Send 
this  wire  with  the  exact  width  and  thickness 
of  the  old  rings  to  the  builder,  and  have  some 
new  ones  made. 

It  is  always  well  to  see  how  the  new  ones 
fit  the  cylinder  in  the  smallest  place,  before 
putting  them  on  to  the  piston,  or  bull  ring,  as 
it  might  make  serious  trouble  if  there  were 
no  room  left  in  the  joint  for  expansion. 

When  the  edges  of  a  ring  are  worn  sharp, 
the  oil  cannot  get  where  it  is  needed.  /".  c.  the 
outside  surface  of  the  rings,  and  the  walls  of 
the  cylinder.  Good  cylinder  oil  that  will  stand 
a  high  degree  of  heat,  will  adhere  to  the  walls 
of  the  cylinder  and  form  a  thin  film,  which 
will  lubricate  the  rings  as  they  slide  back  and 
forth.  If  the  edges  are  not  round,  they  will 
scrape  the  sides  so  that  both  the  cylinder  and 
the  rings  will  suffer.  The  engine  will  pound 
badly,  or  there  will  be  a  rattling  noise  in  the 


cylinder,  and  the  engineer  will  let  the  lubricat- 
or run  a  little  faster,  so  as  to  help  stop  the 
noise,  when  perhaps  the  engine  is  already 
getting  more  than  double  the  oil  that  would 
be  necessary  if  everything  was  as  it  should 
be  inside  of  the  cylinder. — V.  P.  Kinukk.  in 
7  //(•  Eti^iitCi'r's  Review. 


The  steam  pressure  that  would  be  allowed 
on  a  boiler  50  inches  in  diameter,  J^-incb 
thick  with  a  tensile  strength  of  60,000,  would 
be  found  by  the  rule:  Multiply  one-sixth  of 
the  tensile  strength  of  the  plate  by  the  thick- 
ness. Then  divide  this  quotient  by  the  radius 
of  one-half  the  diameter  of  the  boiler.  -^^  inch 
=  .375  inch.  Then  one-sixth  of  60,000^10.- 
000.  10.000  X -,375  =  . 3750.  .3.750  divided  by 
one-half  of  50  or  25  ;=  122  lbs.  to  the  square 
inch  pressure  allowable. 


It  pays  at  every  large  mine  to  have  a  com- 
plete machine  shop  and  in  .some  places  the  mag- 
nitude of  operations  justifies  a  foundry  as  well. 
In  the  former,  repairs  of  every  description  can 
be  made  from  turning  out  a  new  rocker  pin 
for  a  machine  drill  to  welding  a  stem,  or  turn- 
ing a  shaft  in  the  lathe.  Cars,  cages  and 
skips  also  may  be  built  to  advantage  in  the 
company's  shops.  In  the  foundry  all  of  the 
heavy  ca.stings  can  be  made  on  short  notice, 
and  not  only  money  but  often  much  delay 
saved.  Particularly  is  this  the  case  at  mines 
in   an   isolated  situation,   far  from    railroads. 


If  air  be  compressed  in  a  single  cylinder 
from  atmospheric  pressure  and  temperature  of 
60°  F..  to  a  tinal  pressure  of  100  pounds,  the 
maximum  temperature  attaine«l  may  be  484° 
V.  Stage  compression  will  avoid  this,  and 
permit  the  use  of  lubricants  that  would  not  be 
possible  in  single  compressi<in.  In  the  latter 
case,  most  lubricants  would  be  burned  to  a 
charred  mass,  clogging  the  valves  ami  ports. 


In  the  conveyance  of  compressed  air  it 
should  be  remembered  that  the  efficiency  is  di- 
minished practically  as  the  diameter  of  the 
pipes  is  decreased,  which  means,  of  course, 
that  the  pipes  should  be  as  large  an  convenient- 
ly practicable,  with  commodious  receivers  ad- 
joining  the   air  compressors. 
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THE     Sullivan     Machinery    Company    an- 
nounces   to    its    customers    and    friends 
that   Mr.    Randolph   D.  Talmage   is  ap- 
pointed   local    manager    at    Joplin,     Missouri, 
succeeding    JMr.    S.    A.    Allison,     who    is    no 
longer  connected  with  this  company. 


The  Bury  Compressor  Co..  of  P>ie.  Pa.,  has 
secured  the  services  of  Charles  Wainwright  as 
superintendent.  Mr.  Wainwright  was  former- 
ly connected  with  the  Ingersoll-Sargeant  Drill 
Co..  of  Easton.  Pa.,  and  has  for  the  past  three 
years  been  superintendent  of  tlie  Blaisdell 
Machinery  Co.,  of  Bradford.  Pa.  His  many 
years  practical  experience  as  an  air  compres- 
sor builder  will  make  him  an  invahiable  addi- 
tion to  the  Bury  Compressor  Co. 


The  erecting  department  of  the  Westing- 
house  Electric  and  Manufacturing  Company 
for  Manhattan  Borough,  which  until  recently 
was  located  on  the  nineteenth  floor  of  the 
Trinity  building,  has  been  moved  to  the  Ful- 
ler building,  corner  of  23rd  street  and  Broad- 
way. This  change  was  made  necessary,  be- 
cause the  department  was  in  want  of  more 
space  than  it  was  possible  to  obtain  at  in 
Broadway,  and  also  because  the  uptown  loca- 
tion is  more  suitable  and  convenient  for  the 
construction  work,  most  of  the  power  plants 
being    located    within    easy    reaching   distance. 


The  New  Brunswick  Refrigerator  Co.  have 
recently  purchased  control  of  the  National 
Water  Tube  Boiler  Co.  of  New  Brunswick. 
N.  J.  The  new  combination  will  hereafter 
manufacture  a  full  line  of  water-tube  boilers  as 
well  as  refrigerating  machinery. 


Pneumatic  tools  are  used  largely  in  dressing 
the  stone  cut  from  ([uarries,  these  being  found 
well  adapted  for  the  fashioning  of  any  desired 
form  f)f  stone.  Chisels  for  lettering  and  carv- 
ing are  successfully  used,  as  are  tools  adapted 
for  coarser  and  heavier  work. 


Pneumatic  foundations  and  tunnels  can  be 
carried  out  at  a  depth  of  210  feet,  below  the 
water  surface,  according  to  Messrs.  Leonard 
Hill  and  M.  Greenwood.     They  experimented 


on  the  effect  of  air  pressures  up  to  92  lbs.  by 
means  of  a  large  cylinder,  in  which  they  stayed 
under  different  pressures  for  various  times. 

Channelling  machines  have  added  wonder- 
fully to  the  economics  of  quarrying.  These 
machines  are  operated  either  by  electricity  or 
air  and  travel  on  a  track,  on  each  side  of 
which  they  cut  a  deep  channel  parallel  with  it. 
It  can  be  readily  appreciated  that  in  getting 
out  marble  or  other  valuable  stone,  no  ex- 
plosives can  be  used,  and  consequently  the 
work  of  quarrying  this  class  of  stones  devolves 
almost  entirely  on   the  channelling  machine. 


Another  application  of  compressed  air  has 
been  made  in  a  device  constructed  at  t'le 
Washington  Navy  Yard  for  sponging  out  tK  ? 
bores  of  guns.  A  draft  of  air  of  200  pound:< 
pressure  is  tlirown  through  the  bore  of  the 
rifle,  the  draft  being  strong  enough  to  blow  a 
block  of  wood  clear  out  of  the  bore  for  a  dis- 
tance of  twelve  feet  or  more.  Tests  of  the 
new  device  are  said  to  have  been  attended  with 
highlv  satisfactorv  results. 


What  has  become  of  the  fellows  that  used 
to  argue  that  labor-saving  machinery  meant 
the  turning  of  good  men  out  of  work,  and  a 
cause  of  suffering  among  laboring  classes  ? 
Who  ever  saw  more  labor-saving  machinery 
than  is  in  use  at  the  present  time,  and  when 
was  there  ever  a  time  that  the  demand  for 
.skilled  labor  was  better?  You  hear  the  call 
for  help  from  every  side  and  from  almost 
every  industry,  and  not  only  from  those  em- 
ploying skilled  help,  but  also  for  what  is 
termed  common   labor. — Clav   Jl^orkcr. 


It  is  not  tiu'  num!)er  i^f  lilows  a  machine 
drill  strikes  within  a  given  time,  altogether, 
that  counts  for  progress,  but  also  the  air  pres- 
sure back  of  the  drill.  In  addition  to  this,  the 
proper  manipulatiim  nf  the  machine  l)y  the 
drill  runner,  is  nut  the  least  important  factor. 
A  chuck-tender  of  two  weeks"  experience  can 
scarcely  be  considered  a  competent  machine 
miner,  yet.  not  infrequently,  such  men  secure 
situations  witii  no  more  experience  than  that 
mentioned.  Some  mine  superintendents  prefer 
to  break  in  and  train  their  machine  men.  claim- 
ing that  the  general  result  in  the  end  is  far 
more  satisfactory. 
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THE  amount  of  coal  produced  by  uncicrcul- 
ting  machinery  continues  to  increase  in 
the  United  States  of  America.  In  1903 
there  were  6.658  machines  in  use  in  the  bituni- 
minous  districts,  and  they  produced  a  total  of 
69,620.441  tons  of  coal,  or  28. 18  per  cent,  of  the 
total  production  of  these  states  where  the  ma- 
chines were  used.  In  1904  there  were  7.671 
machines  in  use  in  bituminous  mines,  and  they 
produced  a  total  of  70.261.158  tons  of  coal,  or 
28.78  per  cent,  of  the  total  production  in  the 
states  in  which  the  machines  were  employed. 
In  1902  the  percentage  of  machine-mined  coal 
was  27.09,  in  1901  25.68,  and  in  1899  it  was  2;^. 


vice  was  conlined  hy  tlie  I  louse  provision  to 
Brooklyn.  Cincinnati,  Kansas  City  and  Pitts- 
burg and  the  Senate  has  added  Baltimore  and 
San   I-'rancisco. 


.\Ithough  the  cost  of  underground  pumping 
by  compressed  air  ma\'  be  considerably  re- 
duced by  the  use  of  re-heaters,  the  conclu- 
sion should  not  be  jumped  at  that  it  is  al- 
ways advisable  to  install  them.  In  places  where 
the  ventilation  is  poor  thej-  are  entirely  out  of 
the  question.  It  has  been  observed  that  the 
gases  of  combustion  have  a  decidedly  injurious 
action  on  hauling  ropes,  if  allowed  to  pass  up 
the  same  shaft,  and  it  is,  no  doubt,  this  fact 
which  has  prevented  more  attention  being 
paid  to  re-heaters.  Another  point  is  the  fact 
that  most  underground  air  pumps  are  of  small 
size  and  a  saving  of  30  per  cent,  in  operating 
expenses  does'  not  mean  much  when  reduced 
to  dollars  and   cents. 


The  air-meter,  which  measures  air  as  a  gas- 
meter  measures  gas — or  pretends  to  measure 
it — has  been  on  sale  for  two  or  three  months. 
This  invention  makes  it  possible  to  buy  and 
sell  compressed  air,  distributed  from  a  central 
plant,  at  so  much  a  cubic  foot.  Mine  owners 
thus  purchase  air  for  their  miners,  and  it  is 
predicted  that  some  very  deep  abandoned  mines 
will  be  worked  again.  The  compressed-air 
business  is  new.  Wonderful  things  may  yet 
be  done  with  it.  One  interesting  proposition  is 
the  ventilation  of  the  New  York  Subway  by 
means  of  highly  compressed  air.  stored  in  a 
central  reservoir  and  distributed  in  pipes.  Is 
the  millennium  so  near? — ./  Contcmforary. 


'ihe  Senate  committee  on  post  offices  and 
post  roads  recently  agreed  upon  an  amend- 
ment to  the  appropriation  bill,  adding  $88,735 
to  the  amount  to  be  expended  for  the  exten- 
sion of  the  pneumatic  tube  service,  making  the 
total   appropriation   $1,250,000.     The   new   ser- 


(iraliam  llood,  in  the  Boston  Coiiiiiicrcial 
gives  ten  commandments  fr)r  the  business 
world.  lie  claims  that  while  they  may  not 
embrace  everything,  so  far  as  they  go  they 
are  good,  sane  commandments,  and  the  man 
who  reads  them  and  remembers  them  may  be 
assured  of  one  thing — it  won't  do  him  any 
harm. 

THE    COMM.XND.MENTS. 

iMrst — Thou  shalt  not  wait  for  something  to 
turn  up.  but  thou  shalt  pull  ofT  thy  coat  and 
go  to  work  that  thou  mayst  prosper  in  thy  af- 
fairs and  make  the  word  "failure"  spell  "suc- 
cess." 

Secfind — Thou  shalt  not  bo  content  to  go 
about  thy  business  looking  like  a  bum.  for  thou 
shouldst  know  that  thy  per.sonal  appearance  is 
better  than  a  letter  of  recomnuMidation. 

Third — ihou  shalt  not  try  to  make  excuses, 
nor  shalt  thou  say  to  those  who  chide  thee 
"I   didn't  think." 

Fourth — Thou  shalt  not  wait  to  be  told  what 
thou  .shalt  do,  nor  in  what  manner  thou  shalt 
do  it,  for  thus  may  thv  days  be  long  in  the 
job    which    fortune   hath    given   thee. 

Fifth — Thou  shalt  not  fail  to  maintain  thine 
own  integrity,  nor  shalt  thou  be  guilty  of  any- 
thing that  will  lessen  thy  good  respect  for 
thyself. 

Sixth — Thou  shalt  not  covet  the  other  fel- 
low's job,  nor  his  salary,  nor  the  position  that 
he  hath  gained  by  his  own  hard  labor. 

Seventh — Thou  siialt  not  fail  to  live  within 
thy  income,  nor  shalt  thou  contract  any  debts 
when  thou  canst  not  see  thy  way  clear  to  pay 
them. 

Eighth — Thou  shah  not  be  afraid  to  blow 
thine  own  horn,  for  he  who  failest  to  blow  his 
own  horn  at  the  projjcr  occasion  tindcth  no- 
body standing  ready  to  blow  it  for  him. 

Ninth — Thou  shalt  not  hesitate  to  say  "No"' 
when  thou  meaneth  "No.''  nor  shalt  thcni  fail 
to  remember  that  there  are  times  when  it  is 
unsafe  to  bind  thyself  by  a  hasty  judgment. 

Tenth — Thou  shalt  give  every  man  a  square 
deal.  This  is  the  last  and  great  commandment, 
and  there  is  no  other  like  unto  it.  Upon  this 
commandment  hangs  all  the  law  and  the  profits 
of  the  business  world. 
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819.179.        PNEUMATIC       FILTER.        Edward       G. 
Shortt,   Carthage,   N.   Y.,   assignor   of  one-half  to 
The   New   York   Lime   Company,   Carthage,   N.   Y., 
a  Corporation  of  New  York.     Piled  Dec.  20,   1905. 
Serial    No.    .292,611. 
819.387.     PNEUM.ATIC  TIRE.     Charles  R.  Twitch- 
ell.    Los    .Angeles,    Cal.,    assignor    of    one-half    to 
James  M.  Brennan,  Los  Angeles,  Cal.     Filed  June 
20,    1905.     Serial   No.   266,152. 
819,415.     AIR-BRAKE  SYSTEM.     Frank   H.   Duke 
SMITH,   Meadville,  Pa.    Filed  Dec.  8,    1905.     Serial 
No.    290,980. 
Claim. —  I.     In    an    automatic    air-brake    system,    the 
combination  of  a  brake-cylinder,  an  auxiliary  reservoir, 
a  triple  valve  and  an  engineer's  valve  connected  in  the 
usual   way,   and  control-valve   mechanism  connected   to 
the  auxiliary   reservoir   and   to   the   brake-cylinder   and 
arranged  to'connect  both  the  brake-cj'linder  and  auxil- 
iary reservoir   to  the  atmosphere. 

819,425.  PNEUMATIC  HAMMER.  Martin  Hard- 
socG,  Ottumwa,  Iowa.  Filed  July  29,  1904.  Serial 
No.  218,634. 


Claim. —  I.  In  a  pneumatic  hammer,  the  combina- 
tion of  a  main  cylinder  provided  with  a  pressure- 
passage  leading  to  its  interior,  a  barrel  on  the  main 
frame  or  cylinder  forming  a  shoulder  as  its  forward 
end,  and  provided  on  its  interior  with  a  longitudinally 
extending  pressure-passage,  a  valve-plug  outwardly 
projecting  from  the  forward  end  of  the  barrel,  a 
handle  for  operating  the  valve,  and  a  reciprocating 
hammer  within  the  main  frame  or  cylinder  adapted 
to  be  operated  by  the  pressure  admitted  by  the  valve, 
substantially  as  described. 

8i9,452-    PNEUM.VTIC  CUSHION.    Vaclav  H.  Pod- 

stava.  Dunning,   III.     Filed  Oct.   13,  1905.     Serial 

No.  282,616. 
819,503.     TIRE   FOR   \'EHICLE-WHEELS.      Victor 

E.  Belledin.  Paris,  France.     Filed  Nov.   16,   1905. 

Serial   No.   287,560. 

819,655.  AIR-COMPRESSOR.  Ebenezer  Hill,  Nor- 
walk.  Conn.  Filed  Jan.  13,  1905.  Serial  No. 
240,918. 


Claim. — I.  .\n  apparatus  for  compressing  air  hav- 
ing a  low-pressure  comj)ressor,  a  high-pressure  com- 
pressor, a  connection  between  the  discharge  of  the 
low-pressure  compressor  and  the  intake  of  the  high- 
pressure  compressor,  a  valve  in  the  connection  between 
the  compressors  that  is  closed  by  an  abnormally  high 
pressure  beyond  the  high-pressure  compressor,  and  an 
inlet-valve  connected  with  the  high-pressure  compres- 
sor that  is  held  open,  when  the  pressure  between  it- 
self and  the  valve  in  the  connection  between  the  com- 
pressors drops  below  normal  as  a  result  of  the  clos- 
mg  of  the  connection-valve,  so  as  to  render  the  high- 
pressure  piston  ineffective  for  forcing  air  forward 
when  the  connection-valve  is  closed,  substantially  as 
specified. 

819,674.  ROTARY  PUMP,  COMPRESSOR,  MOTOR, 
ENGINE  AND  LIKE  MACHINERY.  Ferdi- 
nand J.  RocHow.  Brooklyn,  N.  Y.  Filed  Oct.  12, 
1903.      Serial    No.    176.637. 


Claim. —  I.  Rotary  a  >paratus  of  the  class  described 
comprising  a  plurality  of  directly-abutting  open-ended 
cylinders  having  peripheral  inlet  and  outlet  ports:  a 
rotatable  shaft  e.xtended  through  said  cylinders  re- 
spectively and  provided  with  means  to  separate  said 
cylinders  respectively;  piston  devices  rotatable  with 
said  shaft;  and  connections  intermediate  the  outlet- 
port  of  one  cylinder  and  the  inlet-port  of  the  adjacent 
cylinoer,  to  operate  substantiallv  in  the  manner  set 
forth. 

819,690.  CYCLE-PUMP.  David  K.  Bryson.  Pitts- 
burg, Pa.,  assignor  to  Bryson  &  Howe,  Pittsburg, 
Pa.,  a  Firm.  Filed  April  28,  1905.  Serial  No. 
257,843. 
819,726.  ENGINEER'S  EOUALIZING  AND  DIS- 
CHARGE BRAKE-VAi:\'E.  David  M.  Caskey. 
Jonesboro,  Ark.  Filed  Jan.  28,  1905.  Serial 
No.    243,055. 

819.755.  ROCK-DRILL.  Henry  Hellman.  and 
Lewis  C.  Bayles,  Johannesburg,  Transvaal. 
Filed   Aug.    10,    1904.      Serial   No.   220,176. 


Claim. — I., In  a  rock-drilling  machine  or  engine,  in 
combination,  a  casing,  a  power-cylinder  therein,  a  cap 
fixed  at  the  rear  end  of  the  ))ower-cylinder,  formed 
with  a  rearward  extension,  a  swivel  arranged  on  said 
extension  and  adapted  to  admit  the  motive  fluid 
through  said  extension  to  the  power-cylinder,  a  pipe 
for  conducting  the  motive  fluid  to  said  swivel,  packings 
arranged  at  either  side  of  said  swivel  to  prevent  the 
escape  of  the  rnotivc  fluid  from  between  the  swivel 
and  the  extension  upon  which  it  is  arranged,  and 
screw  connections  leading  from  the  outside  of  the 
cap  and  passing  through  the  swivel,  for  moving  the 
power-cylinder. 

819.756.       ROCK-DRILLING      MACHINE.       Henry 
Hellman    and    Lewis    C.    Bayles,    Johannesburg, 
Transvaal.       Filed    Aug.     12,     1904.       Serial     No. 
220.446. 
Claim. —  I.     .\  dock-drilling  machine  or  engine,  com- 
prising a  power-cylinder,  a  drill  or  hit  operatively  car- 
ried by  the  cylinder,  connections   for  imparting  rotary 
movements    of    the    cylinder    to    the    bit,    and    a    motor 
carried  by  and   rotating  said  cylinder. 
819,905.      ENGINE.      Ernest     C.     Meyer.     Cleveland, 
Ohio,   assignor   to   The   Cleveland   Pneumatic   Tool 
Company,  Cleveland.  Ohio,  a  Corporation  of  Ohio, 
l-'iled  Dec.  26,   1902.     Serial   No.    136,714. 
Claim. — I.     In    an    engine,    the    combination    with    a 
piston-cylinder  and  piston   therein,  of  a  valve-chamber 
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having  an  inlet-port  and  a  distributing-port,  and  a 
revolving  distributing-valve  having  means  for  longi- 
tudinally shifting  it  and  formed  with  a  feed-recess 
which  may  connect  the  inlet  and  distributing  ports  in 
one  longitudinal  adjustment  of  the  valve,  a  feed  and 
exhaust  recess  having  an  exhaust-opening  and  which 
may  register  with  the  distributing-port  in  such  ad- 
justment and  connect  the  inlet  and  distributing  ports 
in  another  longitudinal  adjustment  and  have  the  ex- 
haust-opening closed,  and  an  exhaust-recess  which 
may  register  with  the  distributing-port  in  such  last 
adjustment. 
819,924.      AIR-COMPRESSOR.      Willi.sm      Ki-avell. 

Ipswich,    England.      Filed    Feb.    6,     1904.       .'serial 

Xo.    192,423. 


Claim. — I.  In  an  air-compressor,  the  combination, 
of  a  circular-shaped  frame  having  a  cooling-chamber 
m,  an  air-receiver  chamber  n,  and  walls  li,  k  and  /; 
a  plurality  of  main  cylinders  radially  seated  in  the 
walls  li  and  k  on  two  planes  within  the  chamber  m: 
an  open-ended  pilot-cylinder  extending  from  each  main 
cylinder  into  the  air-chamber  11,  a  central  revoluble 
crank-shaft  and  elongated  crank-pin;  a  piston  common 
to  each  main  and  pilot  cylinder,  and  a  pivoted  con- 
necting-rod bearing  upon  said  crank-pin  and  adapted 
to  transmit  its  motion  to  each  of  said  pistons,  sub- 
stantially as  described. 
820,007.    PNEUMATIC  CLEANSING  APPAR.VTUS. 

Albert    E.   Moorhe.\d,   Oakland.   Cal.      Filed  June 

6,  1905.  Serial  Xo.  263,973. 
Claim. —  I.  In  pneumatic  cleansing  apparatus,  a 
hollow  base,  having  a  collecting-tank  or  receiver 
therein,  an  air-e^Hiaust  pump  mounted  thereon,  a  pipe 
connection  between  said  exhaust-pump  and  said  tank, 
an  outlet  from  said  exhaust-pump,  an  inlet-pipe  for 
dust  and  refuse  from  carpet  cleansing  connected  with 
said  lank,  to  discharge  into  the  same,  and  a  device 
for  agitating  said  dust  and  refuse  mixed  with  the 
air  and  liquid,  and  forcing  it  into  said  tank,  located 
between  said  inlet-pipe  and  the  tank,  substantially  as 
specified. 
820,023.    DRILL-SH.ARPEXER.     George  S.  Spreyer, 

Elkton,   Colo.,  assignor  of  one-half  to  Edward   M. 

de    la     \'ergne,     Colorado     Springs.     Colo.       Filed 

Dec.    14,    1904.      Serial   Xo.   236.803. 

PXEUM.VTIC    TIRE.     Percy    W.    F.xwcett 
Edvv.\rd    L.    \V.    P.ellhouse,    Sheflfield,    Eng- 

Filed  Oct.   25,   1904.     Serial   Xo.  229,950. 
PNEUM.\TIC    DRILL.     H.\rry    Brousseau. 
York.    N.    V.      Filed    Oct.    8,    1904.      Serial 


820,104. 
and 
land 

820,345- 
New 


No.  227,675. 


Claim. — I.  The  combination  of  a  revoluble  sleeve 
provided  with  a  shank  for  connecting  the  same  with 
a  member  to  be  driven,  and  also  nrovided  with  a 
sleeve    having    an    exhaust-passage,    a    shaft    journalcd 


within  said  exhaust-passage  and  free  to  rock  relativi.iy 
to  said  sleeve,  manually-operated  mechanism  for  caus- 
ing said  shaft  to  rock,  a  valve-seat  disposed  adjacent 
to  said  sleeve  and  provided  with  ports,  a  revoluble 
valve  mounted  upon  said  valve-seat  and  provided  with 
passages  for  registering  with  said  ports,  mechanism 
connecting  said  shaft  with  said  valve  for  the  purpose 
of  adjusting  the  same  relatively  to  said  ports,  and 
means  for  admitting  an  expansible  medium  to  said 
valve  and  through  the  same  to  said  ports. 
820,530.  ROCK-DRILL.  William  Sturm,  Chicago, 
111.      1-iled  March    11,    1905.     Serial  No.  249,602. 


Claim. — .\  rock-drill  comprising  a  shank,  a  plurality 
of  removable  cutters  arranged  on  opposite  sides  of  the 
center  of  the  drill,  said  cutters  being  provided  with 
peripheral  cutting  edges,  and  a  central  locking  device 
for  locking  said  cutters  in  their  sockets,  said  locking 
device  being  also  provided  with  a  cutting  edge  lo- 
cated between  oppositely-disposed  cutters. 
820,549.      ME.VNS    FOR    COOLIXG    EXGINE    AND 

OTHER    CYLINDERS.      Edward    P.    Caldwell, 

Chicago,    III.,    assignor    to    Charles    \V.    Caldwell, 

Waterloo,     Iowa.       Filed    Dec.    22,     1904.       Serial 

No.    238,020. 
820,673.     TIRE  FOR  VEHICLES.     Thomas  C.   .Sax- 

DERSOx,    West    New    Brighton,    N.    Y.      Filed    July 

14,    1905.      Serial   No.  269.575. 
820,695.      SUPPORT   FOR    PISTONS.     James    Bram- 

MER,  -St.  Louis,   Mo.     Filed  June  26,   1905.     Serial 

No.   267,073. 
820,740.         VALVE        FOR        CONVEYER-TUBES. 

Adolph     W.     Schmidt.     Lewiston,     Idaho.       Filed 

Feb.    8,    1906.      Serial    No.    300,184. 
820,760.       VALVE     FOR     AIR-BR.\KE     SYSTEMS. 

John    H.    Bleoo.    New    York,    N.    Y.,    assignor    to 

Abraham   B.   Levy,    New   York.   N.    Y.      Filed   Jan. 

9,     1904.       Renewed     I'eb.     14,     1906.       .Serial     No. 

301,044. 


^^^e1£j^e:^.'^  -r  " 


Claim. —  I.  .\n  airbrake  valve  provided  uilli  ports 
and  passages,  one  of  which  serves  for  supplying  air 
for  the  running  piston,  and  a  movable  valve  having 
ports  for  controlling  the  tirstnaniecl  oorts  and  pas- 
sages, one  of  the  ports  of  said  movable  valve  being 
arranged  for  supplying  air  there  through  to  one  of  the 
first-named  ports  for  the  running  piston  and  also  ar- 
r-iiiged  to  supply  air  to  the  last-named  port  for  rc- 
chnrging  the  system  while  all  other  ports  and  pas- 
sages are  blanked,  substantially  as  dcscril>cd. 
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CHIT-CHAT 


•:  Since  COMPRESSED  AIR  changed  hands, 
during  the  month  of  April,  there  has  been  a  gratify- 
ing increase  in  the  number  of  subscriptions.  In  exact 
figures  the  new  subscribers  represent  a  gain  of  13 
per  cent. 

*  We  feel  encouraged.  We  shall  continue  to  feel 
so,  and  we  shall  continue  to  put  our  best  efforts  into 
the  magazine  and  to  co-operate  with  our  readers  to 
the  end  that  we  may  keep  on  improving  the  qual- 
ity and   substance  of   the  reading  pages. 

•  WE  WANT  MORE  LETTERS  from  engin- 
eers and  practical  men  who  are  having  little  difficul- 
ties with  their  compressors,  drills  or  tools.  We  want 
YOU  to  send  us  the  findings  of  your  personal  in- 
quiries into  compressed  air  matters.  Such  corre- 
spondence is  of  inestimable  value  to  the  compressed 
air  man  who,  as  a  rule,  cannot  find  what  he  wants 
"in  a  book." 
********** 

'  While  our  subscriptions  have  been  coming  in 
our  advertising  pages  have  begun  to  respond  to  the 
new  life  and  force  which  is  being  injected  into  every 
line  of  type  set  up  for  publication. 

^  Advertisements  aggregating  TWO  AND  ONE- 
QUARTER  pages  have  been  received  from  manu- 
facturers who  are  fully  awake  to  the  power  that  an 
INDIVIDUAL  magazine  must  possess. 


By  INDIVIDUAL  we  mean  that  this  journal 
stands  alone — it  is  THE  journal  in  its  field  and 
sphere.  It  is  alone  in  its  purpose,  alone  in  the  con- 
summation of  its  purpose,  alone  in  the  special  in- 
fluence which  it  carries,  by  virtue  of  its  being  alone 
and  by  virtue  of  its  giving  the  reader  what  he  wants. 
'  The  new  advertisers  are: 

Bury    Compressor   Co ^<4   page 

Peter  A.  Frasse  &  Co '^ 

Hanna    Engineering    Works J  4 

Sprague   Electric   Co 1-2 

Traylor  Engineering  Co 1 

********** 

'  THE  AUGUST  number  will  be  principally  de- 
voted to  pumping  by  compressed  air,  although  there 
will  be  many  miscellaneous  items  and  articles  of  gen- 
eral interest  as  well.  Among  the  leading  articles 
will  be  "Effect  of  Horizontal  Pipes  on  the  Air  Lift 
System,"  by  H.  T.  Abrams ;  "Honigman  System  of 
Shaft  Sinking,"  by  Adolf  E.  Hartmann,  and  "Me- 
chanical  Refrigeration — History   and   Practice." 

'  By  the  way,  don't  you  know  of  some  bright 
young  man  in  a  machine  shop  or  manufacturing  plant 
who  IS  anxious  to  make  something  on  the  side?  If 
you  do  know  such  a  fellow  put  us  in  touch  with  him 
and  we  will  make  a  liberal  offer  for  obtaining  new 
subscriptions.  WE  think  the  paper  ought  to  pretty 
nearly  sell  itself.  Perhaps  you  don't  think  it's  good 
enough   for  that  yet. 


COMPRESSED     AIR. 


4135 


Con^^ftSsei) 


Established  1896. 


A  monthly  magazine  devoted  to  the  useful  applications 
of  compressed  air. 

AUGUST.     1906. 


HOW     HORIZONTAL     RUNS 
FECT  THE  AIR  LIFT. 


AF- 


Written  for  Compressed  Air  by  Herbert 
T.  Abrams,  Mem.  Am.  Soc.  ^I.  E. 


In  the  application  of  compressed  air  for 
pumping,  more  particularly  in  connection  with 
the  operation  of  deep  wells,  the  air  lift  system 
finds  its  broadest  field,  and  in  this  particular 
work  has  advanced  year  by  j-ear  in  public 
favor,  as  is  evidenced  by  the  number  of  new 
installations,   both   private   and   municipal. 

Briefly,  the  reasons  for  the  popularity  of  this 
method  of  pumping  in  water,  oil  and  salt  well 
propositions  are  the  advantages  claimed  by  the 
trade :  Absence  of  working  parts  in  the  well, 
low  maintenance  charges,  assured  maximimi 
yield  from  any  well,  and  the  central  plant 
pumping  any  number  of  scattered  wells. 

All  of  these  claims  are  acknowledged  gener- 
ally, in  fact  are  indisputable,  their  being  but  one 
reservation  in  the  mind  of  the  engineer  anfl 
that  concerns  the  question  of  economy,  mean 
ing  power  consumption  alone,  without  any  ref 
erence  to  final  savings  made  through  the  in- 
stallation of  an  economical  air  lift  system. 

We  have  to  deal  in  this  article  with  one  of 
the  limitations  of  the  air  lift  system,  and  as  far 
as  the  writer  knows,  one  in  regard  to  which 
little  information  is  at  hand. 

It  is  frequently  necessary  to  deliver  water  to 
an  elevated  tank  or  reservoir  at  some  consid- 
erable height  above  and  distance  from  the  well, 
in  which  event  it  has  generally  been  considered 
inefficient  to  make  the  lift  at  the  well  force  the 
water  horizontally  and  end  with  a  lift  to  a 
tank,  but  to  just  what  e.xtent  the  problem  was 
affected  by  these  conditions  has  always  been  a 
matter  of  guess  work.  Confident,  however, 
that  serious  disadvantage  attached  to  forc- 
ing water  from  a  well  a  long  distance,  the  prac- 
tice has  been,  wherever  possible,  to  avoid  doing 
so  by  substitutin.g  either : — 

I.  Vertical  lift  at  the  well  high  enough  to 
flow  the  water  by  gravity  to  the  desired  point. 


employing  standpipes  (Fig.  i)  ;  or, 

2.  Raise  the  water  to  a  surface  reservoir  or 
cistern  near  the  well  and  deliver  the  water 
above  ground  by  means  of  an  ordinary  pres- 
sure pump,  or  a  pneumatic  displacement  pump, 
submerged  directly  in  the  receiving  tank  or 
reservoir,  thus  through  a  combination  of  the 
air  lift  and  pneumatic  pump  rounding  out  the 
whole  operation  as  a  complete  compressed  air 
system  of  pumping. 

Either  of  the  above  methods  are  preferable 
to  the  continued  use  of  the  air  lift  system  under 
such  conditions  as  we  are  about  to  consider, 
but  circumstances  often  prohibit  these  alter- 
natives or  the  question  of  first  cost  may  de- 
mand a  figure  based  on  making  the  lift  direct 
with  the  air  lift,  and  to  meet  such  it  is  neces- 
sary to  know  what  this  additional  work 
amounts  to. 


H 

Wfk 

Fig.  I. 

The  writer  recently  had  occasion  to  make 
several  experiments  along  this  line  in  a  well 
8"  diameter  by  8oo  feet  deep,  involving  lifts 
in  the  well  of  from  13  to  30  feet  horizontal 
runs  of  200  and  600  feet  with  a  terminal  lift 
of  50  feet.  Standard  air  lift  apparatus  was 
used,  which  included  an  Ingersoll-Rand  10  & 
ioJ4xI2  Class  ".\"  compressor,  air  receiver,  and 
the  usual  piping,  and  the  derrick  (Fig.  2)  for 
obtaining  the  desired  lift  above  surface. 

As  usual  in  all  air  lift  experiments,  the  fact- 
ors of  submergence  and  velocity  of  flow  figured 
largely,  and  a  number  of  tests  were  made  in  the 
endeavor  to  locate  the  best  points. 

For  example,  in  the  200  foot  horizontal  run 
it  was  found  that  a  submergence  of  40%  re- 
quired two  and  one-half  times  the  volume  of 
free  air  per  gallon  of  water  pumped,  compared 
with   60%   submergence,   and    in    the  600   foot 


4136 


COMPRESSED     AIR. 


trial  two  and  eight-tenths  times  as  niucli  air 
luider  same  relative  submergences. 

Curve  (A).  60%  submergence,  gives  the  best 
performance  for  a  run  of  607  feet,  showing 
that  to  deliver  a  foot-gallon  of  water  required 
.GUI  cu.  ft.  of  free  air,  and  best  rate  of  dis- 
charge to  be  seven  gallons  water  per  minute 
per  square  inch  area  of  discharge  pipe. 

The  207  foot  horizontal,  60%  submergence, 
took  .0085  cu.  ft.  per  foot-gallon  with  8.9  gal- 
lons water  per  minute  per  square  inch  area  of 
discharge  pipe. 

To  illustrate  the  effect  of  submergence  Curve 
CB)    is  introduced   indicating  the   results  with 


Fig.  2. 

40%  submergence,  200  foot  horizontal  run. 
these  conditions,  as  will  be  noted  giving  .0197 
cu.  ft.  free  air  per  foot-gallon  as  being. required, 
and  the  be.st  rate  of  discharge  4.2  gallons  water 
per  minute  per  square  inch  area  of  discharge 
pipe. 

It  is  especially  noticeable  that  increasing  the 
volume  of  air  supplied  had  little  effect  upon  the 
quantity  of  water  delivered,  in  fact  the  curves 
show  very  graphically  serious  losses  following 
any  tendency  to  force  the  output. 

The  following  tables  have  been  prepared 
from  the  tests  made,  based  on  average  results, 
and  are  considered  to  be  safe  and  conservative: 

Cubic  feet  of  free  air  and  gallons  per  min- 
ute per  square  inch  area  of  discharge  pipe  for 
lifts  of  13  to  30  ft.  at  well,  horizontal  run  of 
200  feet,  subsequent  lift  of  50  feet. 


Cubic  feet  Free  .\ir       dallons  per  min- 
per  foot  gallon  ute  per  sq.  in. 

.0231  4 

.0176  5.2 

.0138  6.4 

.011  7.6 

.0094  9 

Cubic  feet  of  free  air  and  gallons  per  min- 
ute per  square  inch  area  of  discharge  pipe  for 
lifts  of  13  to  30  feet  at  well,  horizontal  run 
of  600  feet,  subsequent  lift  of  50  feet. 


Submergence 
per  cent. 

40 
45 
50 
55 
60 


Submergence 

Cubic  feet  Free  Air 

Gallons  per  min 

per  cent. 

per  foot  gallon 

ute  per  sq.  in. 

40 

■035-2 

3.6 

45 

.0264 

5 

50 

.021 

6 

55 

.016 

7 

60 

.0127 

8 
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Having  these  figures  in  view  it  may  be  prof- 
itable to  make  a  single  comparison  of  air  lift 
vs.  combined  air  lift  and  pneumatic  displace- 
ment pump. 

Disregarding  the  tables  and  referring  again 
to  the  curve  (A)  60%  submergence,  607  feet 
horizontal  run,  we  observe  the  factor  at  the 
best  point  is  .0111  cubic  feet  per  foot-gallon. 

The  water  discharged  being  appro.ximately 
90  gallons  per  minute  and  the  lift  78  feet  we 
have : — 

90  gals.  X  78  ft.  X  01 II  =  78  cu.  ft. 

The  working  air  pressure  being  52  lbs.  we 
may  calculate  the  horse-power  from  the  com- 
mon tables  in  use  and  the  result  is  10.9  H.  P. 

Before  proceeding,  and  in  justice  to  the  air 
lift  system,  it  will  be  fair  to  note  that  if  this 


COMPRESSED     AIR. 


4137 


were  a  straight  lift  of  78  feet  tlie  air  required 
would  have  been  90  gals.  X  78  ft.  X  0062  =  43.6 
cu.  ft.,  representing  6  H.  P. 

Now  taking  up  the  combination  of  air  lift  and 
displacement  pump  to  meet  the  actual  condi- 
tions we  have: — 

1st.  A  vertical  lift  of  28  ft.  for  the  air  lift 
system. 

2nd.  A  horizontal  run  of  607  feet  and  a 
terminal  lift  of  50  ft.  for  the  displacement 
pump. 

The  free  air  required  for  the  vertical  lift  of 
28  feet  with  the  air  lift  is  : — 

90  gals.  X  28  ft.  X  -0122  =  31   cu.   ft. 


be  added  for  clearance  and  other  losses,  mak- 
ing 35  cu.  ft.  Adding  the  figures  for  the  air 
lift  31  cu.  ft.  and  displacement  pump  35  cu.  ft., 
we  have  a  total  of  66  cu.  ft.  at  25  lbs.  pressure, 
representing  5.6  H.  P. 

As  the  horse  power  required  for  this  work 
under  the  air  lift  system  alone  was  found  to 
be  10.9  H.  P.  and  for  the  air  lift  and  displace- 
ment pump  5.6  H.  P.  there  is  a  saving  of  5.3 
H.  P.  in  favor  of  the  latter  arrangement  under 
the  stated  conditions,  from  which  we  must  con- 
clude that  good  practice  will  favor  the  combin- 
ation wherever  it  is  feasible  to  employ  it. 
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The  compressed  air  needed  for  the  displace- 
ment pump  is  a  volume  equal  to  the  amount 
of  water  displaced  at  a  pressure  due  to  the 
head.  The  90  gals,  of  water  to  be  pumped 
equals  12  cu.  ft.  and  the  pressure  required  will 
be  approximately  25  lbs.,  due  to  the  head  of 
50    ft.,    plus    friction.      Reduced    to    free    air, 

25+15 
12  X =  Z2  cu.  ft.       Ten  per  cent,  should 

15 


THE  RETURN-AIR  AND  PUMPING 
SYSTEM. 

HV    I-R.\.VK    RK11.\RDS. 

The  use  of  compressed  air  direct  for  forc- 
ing water  to  any  elevation  is  one  of  those 
natural  and  self-evident  propositions  which 
requires  no  suggesting  to  anybody  in  the  first 
place  and  no  urging  to  at  least  make  a  trial  of 
it.      Many   by    different    devices   and    arrange- 
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ments  have  taken  up  and  applied  this  idea, 
and  all  have  soon  found,  as  a  little  thought 
would  have  assured  them  without  trial,  that 
though  the  operation  might  be  one  of  the 
simplest  and  the  device  emplojed  the  cheapest 
th,e  results  were  after  all  quite  wastefully  se- 
cured. The  raising  of  water  by  direct  dis- 
placement by  compressed  air,  volume  for  vol- 
ume, is  not  a  cheap  operation,  and  yet  the  con- 
venience and  reliability  of  it  leads  not  only  to 
its  employment  but  also  to  its  retention  for 
the  service  in  many  cases. 

The  objection  to  the  sj-stem  is  that  when  the 
compressed  air  has  done  its  work  of  expelling 
the  water  from  the  operating  chamber  it  is 
then  released  with  much  of  its  potential  energy 
unused.  There  are  additional  losses  in  the 
way  of  filling  large  clearance  spaces  and,  in 
many  cases,  in  the  uncompensated  dissipation 
of  surplus  original  pressure  above  that  re- 
quired to  balance  the  water  head.  The  use 
of  twin  displacement  chambers,  required  to 
make  the  action  alternate  and  automatic,  and 
practically  continuous,  does  not  effect  the 
result  as  far  as  economy  is  concerned,  indeed 
often  making  the  waste  of  air  still  greater 
by  entailing  larger  clearance  spaces  to  be  filled. 

And  now  comes  along  another  device  which 
has  been  a  long  time  coming,  but  which  w^hen 
it  comes  is  at  once  recognized  as  the  thing. 
The  principle  of  it  is  at  once  self-evident,  and 
the  perfect  success  of  it  when  applied  requires 
no  practical  demonstration  to  provoke  the 
familiar  exclamation :  "Why  didn't  somebody 
think  of  that   long  ago?" 

This  is  the  RETURN-AIR  System  of  Com- 
pressed Air  Pumping.  It  is  a  revolutionary 
invention  and,  its  field  of  employment  being 
so  extensive,  it  is  also  one  of  the  greatest 
importance. 

Its  operation,  in  contrast  to  that  of  the  too 
familiar  single  pipe,  direct  displacement  pump, 
is  that  while  the  old  pump  will  take  all  that 
is  given  to  it  for  raising  and  delivering  a 
given  weight  of  water  and  will  return  abso- 
lutely nothing,  this  new  device  will  take  only 
what  exactly  pays  for  the  work  done,  and  then 
it  returns  all  the  change. 

The  whole  thing  can  be  explained  to  any 
one  with  his  eyes  shut  and  without  referring 
to  any  diagram.  It  must  be  premised  that 
this  is  not  a  little  cheap  and  handy  device  to 
go,  for  instance,  wherever  a  steam  pump  might 
be  employed,  and  to  do  the  same  work,  but  is 
intended    for    large    and    permanent    installa- 


tions, each  plant  being  complete  in  itself  and 
doing  no  other  work. 

There  is  first  of  all  an  air  compressor  whose 
entire  business  it  is  to  operate  the  pump.  There 
is  nothing  special  about  the  compressor  ex- 
cept that  it  is  in  most  cases  a  single  stage  ma- 
chine, and  it,  of  course,  may  be  driven  by  any 
available  power. 

The  pump  part  consists  of  two  similar  cham- 
bers to  be  alternatelj'  filled  and  emptied.  These 
are  submerged  in  the  water  to  be  pumped, 
or  at  least  located  near  and  below  the  lowest 
working  level  of  it,  so  that  the  water  will  al- 
ways be  able  to  flow  into  either  chamber  by 
gravity.  The  compressed  air  is  conveyed  to 
the  pump  by  pipes  direct  from  the  compressor 
to  each  chamber,  and  each  pipe  also  leads  the 
air,  after  its  w-ork  of  water  expulsion  is  done, 
back  to  the  intake  of  the  compressor.  The 
same  air  is  thus  used  over  and  over  again, 
provision  being  made  for  replacing  the  little 
that  may  be  lost  by  leakage  or  by  absorption 
in  the  water.  The  valve  arrangements  will  be 
sufficiently  evident  from  a  description  of  the 
operation. 

We  assume  the  pump  is  actually  at  work, 
that  one  of  the  chambers  is  full  of  water,  with 
air  of  sufficient  pressure  being  admitted  at  the 
top  of  the  chamber,  exerting  its  pressure  upon 
the  water  and  driving  the  w^ater'  through  a 
check  valve  and  up  a  pipe  to  the  point  of  de- 
livery. So  far  the  operation  is  precisely  the 
same  as  with  any  displacement  pump,  and 
when  the  water  is  all,  or  nearly  all,  driven 
out,  the  chamber  is  then  full  of  air  at  the 
highest  pressure.  The  regular  operation  by  the 
old  way  would  be  to  now  close  the  commun- 
ication with  the  compressor  and  to  open  an- 
other to  the  atmosphere,  allowing  the  air  to 
expand  down  to  normal  atmospheric  pressure, 
the  surplus  escaping  without  doing  any  more 
work.  Water  is  then  allowed  to  flow  in  to 
fill  the  chamber  again,  which  drives  out  the 
rest  of  the  air,  and  this  chamberful  of  water 
is  driven  out  and  up  by  the  compressed  air 
as  before,  and  so  on. 

With  the  return-air  system,  however,  the  air 
is  not  let  off  so  easily,  but  is  retained  to  do 
a  lot  more  work.  The  air  is  discharged  from 
the  water  chamber  and  up  the  air  pipe,  which 
by  the  action  of  the  switch  is  now  in  connec- 
tion with  the  intake  of  the  compressor  cylinder, 
and  whatever  pressure  this  air  may  have  is 
thus  always  being  exerted  upon  the  intake 
side  of  the  compressing  piston,  and  the  pres- 
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sure  upon  this  side  overcomes  an  equal  amount 
of  pressure  upon  the  compressing  side  of  the 
piston,  or  deducts  just  so  much  from  the  total 
power  required  to  drive  the  piston  and  to  do 
the  work  of  compression. 

Using  the  air  in  this  way,  its  entire  expan- 
sive force  is  retained  on  the  credit  side  of  the 
system.  Expansion  continues  until  the  air  pres- 
sure is  lower  than  that  of  the  water  which  is 
waiting  to  enter,  the  difference  of  pressure  de- 
pending upon  the  speed  with  which  the  system 
is  being  driven,  and  then  the  water  enters 
and  drives  the  air  into  the  compressor  intake 
at  this  pressure  instead  of  letting  it  expand 
further,  and  thus  raises  the  total  mean  effect- 
ive pressure  at  the  back  of  the  piston  above 
that  which  would  have  resulted  from  the  ex- 
pansion alone. 

Each  return  pipe  installation  is  an  individ- 
uality, with  special  conditions  to  be  satisfied 
and  calling  for  special  sizes  and  capacities, 
both  relative  and  actual.  The  system  is  ad- 
vantageously applicable  to  both  extremes  of 
the  possible  range  of  practical  requirements, 
and  to  all  between. 

Where  the  lift  is  practically  constant,  as  in 
raising  water  from  a  lake  or  river  to  a  water 
works  reservoir,  the  compressor  and  the  pump 
may  be  so  related  as  to  secure  all  the  expansive 
force  of  the 'air  with  comparatively  little  of 
the  follow-up  pressure,  if  we  may  so  call  it, 
from  the  water,  but  still  with  the  highest  pos- 
sible ultimate  efficiency  and  economy.  In 
any  case  as  the  compressor  is  in  immediate 
touch  with  its  work,  there  is  no  loss  from  over- 
compression,  or  from  compressing  above  the 
actual  requirement,  as  is  often  the  case  with 
the   direct   displacement   systems. 

If  the  return-air  system  is  employed  where 
the  level  of  the  water  supply  has  considerable 
range,  as  in  emptying  a  large,  deep  shaft  of  a 
mine,  the  follow-up  pressure  of  the  water  in 
refilling  the  operating  chamber  will  vary  con- 
stantly with  the  level,  and  at  all  levels  will 
approximately  adjust  the  work  of  the  com- 
pressor according  to  the  actual  water  lift  at  the 
time;  and  although  the  water  must  always  be 
lifted  under  full  head,  and  with  the  full  pres- 
sure for  expelling  the  air,  the  compressing  of 
the  air  to  that  pressure  will  require  little  or 
much  power  according  as  the  return,  or  intake, 
pressure  at  the  compressor  may  be  much  or 
little,  corresponding  to  the  height  of  the  water 
supply.     With  the  direct  displacement,  and  no 


return  of  the  air,  there  would  be  none  of  this 
compensation  either  from  the  re-expansion  of 
the  air  or  from  the  follow-up  pressure  of  the 
incoming  water,  and  all  the  water  lifted, 
whether  the  level  of  the  supply  was  high  or 
low,  would  require  the  maximum  and  en- 
tirely  uncompensated   pressure   to   raise   it. 

There  was  an  actual  case  where  it  was  nec- 
essary to  provide  and  to  have  constantly  ready 
the  means  of  emptying  a  shaft  of  consider- 
able area  more  than  300  feet  deep  and  norm- 
ally full  of  water,  w^ith  a  tunnel  at  the  bottom 
of  the  shaft  also  to  be  emptied.  This  will  be 
at  once  recognized  as  a  problem  easy  enough 
of  solution,  in  a  way,  but  not  so  simple  when 
speed  and  economy  were  to  be  considered. 
There  was  actually  installed  for  this  work  a 
hoisting  engine  and  a  large  cylindrical  bucket, 
say  4  feet  in  diameter  and  12  feet  long,  to  be 
successively  filled  and  hoisted  and  emptied. 
This  might  strike  one  as  a  rather  primitive 
arrangement,  but  it  had  at  least  the  merit  of 
using  the  power  with  reasonable  economy. 
The  varying  height  did  not  at  all  affect  the 
weight  of  the  bucket  of  water,  and  the  power 
consumed  was  therefore  always  directly  as 
the  height,  and  with  engines  showing  good 
steam  economy  the  arrangement  was  not 
wasteful  of  power.  The  bucket  arrangement 
was  actually  used  for  emptying  the  shaft  and 
tunnel  once  and  it  worked  all  right;  but  nev- 
ertheless it  has  been  superseded  by  the  Re- 
turn Air  system.  This  has  been  installed 
liecause  it  could  show  good  power  economy 
and  could  do  the  required  work  in  much  less 
time,  which  was  the  all  important  consid- 
eration. 

The  shaft  here  spoken  of  is  shaft  25  of  the 
\ew  Croton  Aqueduct,  and  the  tunnel  is  the 
portion  of  the  aqueduct  which  crosses  under 
the  Harlem  River,  near  Washington  Bridge, 
New  York  City. 

In  our  sketch  of  the  operation  of  the  return- 
air  system  we  have  spoken  only  of  the  action 
in  one  operating  chamber.  It  is  understood, 
of  course,  that  there  are  two  similar  chambers 
operated  alternately,  one  filling  while  the  other 
is  emptying,  so  that  the  lift  is  practically  con- 
stant. The  switch  for  reversing  the  connec- 
tions of  the  two  pipes  is  operated  in  different 
ways  according  to  the  work.  For  a  straight, 
steady  waterworks  job  tlie  switch  may  be  oper- 
ated mechanically,  tripping  one  way  or  the 
other    for    each    given    nuu'ber   of   revolutions 
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of  the  compressor,  or  it  may  be  operated  auto- 
matically by  the  fluctuating  level  of  the  water 
supply,  and  it  may  also  always  be  operated 
by  hand. 

The  Return-Air  system  is  adapted  to 
and  is  in  actual  use  for  all  kinds  of  pump- 
ing. It  seems  to  decline  no  job  which  is  pos- 
sible by  any  system  and  it  works  for  the  low- 
est air  output.  It  is  especially  successful  in 
many  lines  which  are  not  permissible  to  the 
formal  mechanical  devices.  It  pumps,  for  in- 
stance, water  which  is  so  charged  with  solid 
matter  that  it  can  only  be  called  semi-liquid. 
It  is  in  some  cases  regularly  emploj'ed  for  con- 
veying the  solids  so  contained,  as  sand  or 
marl,  the  mixture  when  raised  going  to  set- 
tling tanks  where  the  water  is  allowed  to  flow 
off  and  the  solid  can  then  be  shoveled  and 
conveyed   wherever  required. 

A  list  of  actual  installations  of  the  Re- 
turn-Air Pumping  System  shows  already 
a  wide  and  interesting  range  of  successful 
employment.  What  the  device  needs  most  of 
all  is  to  be  better  known. 


AIR-LIFT  PUMPING.* 


BY  GUSTAV   C.   H.    FRIEDRICH. 


This  paper,  the  last  of  a  series  commenced 
some  time  ago,  will  consist  of  a  description  of 
a  well  recently  tested,  and  some  data  com- 
piled in  a  convenient  form  for  the  use  of  those 
contemplating  the  construction  of  an  air  lift. 
This  information  I  have  gathered  from  var- 
ious sources,  and  it  has  been  demonstrated  in 
practice.    The  tables  will  be  found  convenient. 

Several  things  important  to  success  and 
economy  must  be  taken  into  consideration  in 
the  installation  of  this  system  of  raising  water. 
The  first  is  a  sufficient  supply  of  water,  as  this 
method  is  not  suitable  where  a  small  supply 
only  is  obtained.  The  tables  should  be  con- 
sulted and  the  well  then  permanently  piped 
for  the  size  pipe  given  in  the  proper  column 
corresponding  to  the  amount  of  water  fur- 
nished by  the  well.  If  one  well  does  not  fur- 
nish the  amount  of  water  required,  more  wells 
can  be  put  down,  and  the  air  furnished  by  one 
compressor,  located  in  any  convenient  place, 
as  has  been  previously  suggested. 

Economical  compression  of  air  is  also  es- 
sential. Air  is  a  gas  subject  to  rapid  expan- 
sion under  the  rise  of  temperature,  and,  as  we 
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are  dealing  with  volumes  at  atmospheric  press- 
ure, it  is  necessary  that  the  air  should  be  taken 
into  the  compressor  at  as  low  a  temperature  as 
possible.  By  the  use  of  a  good  compressor, 
economical  results  can  be  obtained. 

The  well  lately  tested  is  300  feet  deep,  the 
water  being  elevated  above  the  surface  of  the 
ground  85  feet.  When  the  well  is  being  worked 
the  water  level  is  44  feet  from  the  surface  of 
the  ground,  making  a  total  life  of  44  -f-  85  = 
129  feet.  The  water  pipe  extended  down  297 
feet,  or  within  3  feet  of  the  bottom  of  the  well, 
and  from  the  bottom  of  the  water  pipe  to  the 
bottom  of  the  air  pipe  is  5  feet,  making  a  total 
of  5  -}-  85  1=  -XJI  feet,  making  a  total  length  of 
the  water  pipe,  from  the  point  at  which  air  en- 
ters to  the  point  of  discharge,  2>77  feet.  Sub- 
tracting the  lift,  129  feet,  from  yil^  gives  248 
feet  submersion. 

Pipes  were  arranged  in  the  following  man- 
ner; from  the  surface  of  the  ground  to  the 
end  of  the  pipe  extending  into  the  well,  the 
water  pipe  is  3.5  inches  in  diameter ;  to  the 
upper  end  of  this  pipe  a  Y  is  fastened.  Into 
the  center,  a  1.25  inch  air  pipe  is  put.  extend- 
ing within  5  feet  of  the  bottom  of  the  water 
pipe.  From  the  side  outlet  of  the  Y,  a  3-inch 
pipe  extends  to  the  point  of  discharge.  This 
arrangement  would  be  the  same  as  a  3-inch 
lift.  The  well  is  8  inches  in  diameter;  the 
water  delivered  is  82.5  gallons  a  minute,  or 
II  cubic  feet;  the  air  used  to  raise  this  amount 
was  81.81  cubic  feet  of  free  air,  being  equal  to 
a  little  more  than  7.43  cubic  feet  of  air  to  i 
cubic  foot  of  water. 

Air  pressure  was  107  pounds,  with  a  loss 
of  9  per  cent,  in  its  compression.  The  horse- 
power required  to  compress  the  amount  of  air 
used  in  the  operation  of  this  system  was 
12.134.  A  percentage  of  the  efficiency  of  the 
lift  obtained  by  diff'erent  submergence  will  be 
seen  by  table  1. 

Table  II  shows  the  size  of  the  well  tube, 
water  and  air  pipes,  corresponding  to  the  given 


TABLE  I. 

SUBMERGENCE  AND  E 

FFICIENCY. 

Siihn 

ergeiicp. 

Pp 

•  cont. 

EfR 

ciency. 

of  length 

of  Water  Pipe 

Per  cent. 

60 

50 

.50 

40 

40 

30 

33 

2.5 

30 

22 

quantity   of    water    delivered.       These    figures 
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have  been  exceeded  by  very  productive  wells, 
but  will  often  be  found  too  large. 

There  being  7.5  gallons  of  water  in  i  cubic 
foot,  this  number  must  be  used  to  convert 
gallons  into  cubic  feet.  Table  III  gives  us  the 
ratio  of  volume  of  air  to  water,  the  submer- 
sion air  pressure,  cubic  feet  of  free  air  per 
gallon  of  water,  and  the  horsepower  required 
for  lifting. 

Remarks :  Special  submergence  should  be 
used  where  there  is  a  long  horizontal  discharge 
or  a  great   number  of  turns   in   the  discharge 

TABLE  II.     CAPACITY  AND   PIPE  SIZES. 


Size  of  Well 

Water  Pipe 

Air  Pipe 

Gals.  Water 

in  inches 

in  inches 

in  inches 

per  Min. 

i 

l>i 

% 

25 

i^i 

2 

1 

50 

5 

2>^' 

1 

75 

6 

3 

1*4 

100 

7 

3>^' 

Wz 

150 

8 

4 

l>i 

200 

9 

5 

2 

300 

10 

6 

2 

460 

pipe,  as  shown  in  the  fourth  and  sixth  columns 
of  Table  III. 

In  concluding  this  paper,  I  wish  to  say  that 
for  some  wells  which  accumulate  foreign  mat- 
ter and  sand  in  the  bottom,  it  is  a  good  idea 
to  put  a  gate  valve  in  the  discharge  pipe  in 
some  convenient  location  where  it  can  be 
easily  reached.  This  valve  should  be  closed 
about  once  a  month  and  the  air  pumped  up 
and  allowed  to  blow  out  all  dirt,  slime  or 
gravel  which  has  accumulated  therein.  This 
will  assist  in  maintaining  the  efficiency  of  the 
well,  as  any  accumulation  will  retard  the  flow 
of  water.     When  a  well  is  blown  out  or  re- 

TABLE    III.      LIFT,    SUBMERGENCE    AND    AIR 
NEED   FOR   AIR-LIFT   PUMPING. 
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60 

17 
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0.3 

0.0184 

50 

3 

75 

100 

33 

44 

0.4 

0.0426 

75 

4.5 

113 

1.50 

49 

65 

0.6 

0.0828 

100 

6 

1.50 

200 

65 

87 

O.K 

0.1320 

125 

7.5 

188 

2.50 

82 

lOit 

1.0 

0. 1'.no 

ISO 

9 

225 

30(J 

98 

12() 

1.2 

0.2.544 

175 

10.5 

263 

350 

115 

1.5'i 

1.4 

0.31.50 

200 

12 

300 

400 

130 

173 

U| 

0.3808 

water  and  accumulations  are  blown  out  with 
great  force,  and  it  will  be  necessary  to  pro- 
tect objects  within  10  or  15  feet  of  the  well 
from  possible  injury. 


THE    HONIGMANN    METHOD    OF 
SHAFT  SINKING.' 

BY    ADOLF    E.     HAKTMANN. 

Coal  mining  has  been  carried  on  in  western 
Germany  for  several  centuries,  and  as  a  re- 
sult, all  the  coal  deposits  near  the  surface, 
when  geological  conditions  were  favorable, 
were  soon  worked  out.  Only  deep-lying  seams, 
or  those  which  could  not  be  opened  on  ac- 
count of  the  thickness  of  the  overlying  quick- 
sand, remained.     The  quicksand  in  this  region 


HO.N'IG.MANN     METHOD, 


varies  from  a  few  feet  to  600  ft. ;  consequently 
the  problem  is  to  sink  shafts  through  this  un- 
stable stratum.  Three  methods  are  now  suc- 
cessfully employed.     They  are  as  follows :     i. 


versed,    where    the    air    pressure    is    high,    the         'Engineering  and  .Mining  Journal. 


4142 


COMPRESSED     AIR, 


The  Sassenberg-Clennont  method.  2.  The 
Poetsch  freezing  method.  3.  The  Honigmaim 
method. 

The  first  two  methods  are  well  known.  The 
third  has  not  been  used  much  outside  the 
German  coalfields,  although  it  has  proved  ef- 
ficient. 

The  Honigmann  method  differs  from  other 
sinking  methods  in  the  respect  that  no  casing 
is  built  until  the  shaft  has  been  completely 
sunk  through  the  sand  to  the  solid  rock  for- 
mation. To  prevent  caving  in,  Honigmann 
proceeds  as  follows : 

1.  The  water-level  in  the  shaft  is  raised  to 
a  certain  height  above  the  natural  water-level 
in  the  quicksand  outside  the  shaft. 

2.  The  specific  gravity  of  the  water  column 
in  the  shaft  is  increased  to  about  1.2  by  mixing 
cla}'  with  the  water.  By  this  means  a  pres- 
sure is  ol)tained,  which  forces  the  clay  con- 
tained in  the  water  into  the  shaft  walls,  mak- 
ing a  more  solid  mass  of  the  quicksand.  The 
increasing  pressure  of  the  quicksand  toward 
the  inside  of  the  shaft  is  held  in  equilibrium. 

The  sludge  loosened  by  the  shaft  percus- 
sion-drill is  conveyed  to  the  surface  by  means 
of  a  continuous  water  flow,  rising  through  the 
hollow  cylindrical  drill-rod  as  shown  in  Fig.  i. 
A  small  gas  pipe  a  extends  into  the  drill-rod 
for  a  short  distance,  and  through  this  pipe 
compressed  air  is  forced,  which  bubbles  into 
the  drill-rod  b,  thereby  making  the  water  col- 
umn in  h  lighter  than  that  in  the  shaft.  As  a 
result  the  water  rises  into  h  from  the  bottom 
of  the  shaft,  as  indicated  by  arrows  in  the  il- 
lustration. 

The  water  and  sludge  flow  through  the  pipe 
c  into  a  basin,  where  the  sludge  is  allowed  to 
settle  while  the  separated  water  flows  back 
into  shaft.  The  velocity  of  the  rising  water 
b  can  be  increased  by  forcing  more  compressed 
air  through  the  pipe  a.  Clay  is  mixed  in  the 
basin  with  the  water  returning  to  the  shaft  in 
order  to  keep  the  water  in  the  shaft  at  the 
necessary  specific  gravity. 

When  the  shaft  has  been  sunk  through  the 
quicksand,  and  has  reached  solid  ground,  a 
casing  is  built  in  the  usual  way  by  means  of 
iron  tubing.  In  passing  through  the  quick- 
sand constant  care  has  to  be  exercised  to  keep 
the  artificial  water-level  and  specific  gravity 
of  tlie  water  up  to  the  pre-determined 
standards  in  order  to  prevent  a  caving  in  of 
the  shaft. 


Seven  shafts,  varying  from  12  ft.  to  18  ft. 
in  diameter,  have  been  sunk  recently  in  west- 
ern Germany  by  the  Honigmann  method, 
without  any  noteworthy  accidents.  Most  of 
these  shafts  passed  through  quicksand  up  to 
600  ft.  in  depth. 


RELATIVE    MERITS    OF     LARGE 

AND  SMALL  DRILLING 

MACHINES.* 

BY    FREDERICK    T.     WILLIAMS. 

The  purpose  of  this  paper  is  to  discuss  the 
relative  merits  of  the  large  3j/^-in.  machine 
and  the  small  2%-m.  tappet  machine  in  driving 
development-headings ;  although  the  data  were 
obtained  from  cross-cut  headings  alone,  ex- 
perience has  shown  that  the  results  are  equally 
true  in  drifting,  raising  and  winzing. 

Recently  we  drove  two  parallel  cross-cuts 
through  the  same  formation,  using  a  314-in. 
machine  at  the  breast  of  one  cross-cut,  and  a 
2y^-\n.  machine  of  the  same  make  at  the 
breast  of  the  other.  The  results  of  this  work 
afforded  an  ideal  comparison,  since  in  both 
cases  the  headings  were  advanced  through 
rock  practically  of  the  same  hardness  and 
breaking-properties ;  the  amount  of  sludging 
was  equal,  and  there  was  no  difference  in  the 
condition  of  the  steel  or  the  machines,  in  the 
air-pressure  or  in  the  experience  of  the  oper- 
ating-crews. 

Some  operators  in  the  Cripple  Creek  district 
contend  that  there  is  ground  which  cannot  be 
handled  with  the  small  machine,  the  holes  be- 
ing too  small  to  contain  enough  powder  to 
pull  the  ground,  etc.  The  results  obtained  in 
working  the  property  of  the  Portland  Gold 
Mining  Co.,  however,  show  that  the  ground 
worked  by  them  does  not  fall  in  this  class. 
During  a  period  of  two  years  tlicre  have  been 
driven,  with  the  small  machine.  4  miles  and 
3O1S  ft.  of  development-headings,  through  a  di- 
versity of  ground,  including  Pike's  Peak  gran- 
ite (a  coarsely  porphyritic  type  of  granite), 
highly  indurated,  andesitic  or  phonolytic  brec- 
cia, true  massive  andesite,  trachytic  phonolyte, 
tuffas,  and  along  dikes  of  decomposed  basalt 
and  hard  phonolyte  ;  in  every  instance  a  satis- 
factory record  was  made. 

The  headings  here  described  were  driven 
through  highly  indurated,  andesitic  breccia, 
having  a  hardness  of  from  5.2  to  7.2  and  a 
sp.gr.  of  from  2.2  to  2.8.     The  action  of  the 

*  A  paper  read  before  the  American  Institute  of  Min- 
ing Engineers. 
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breccia  under  the  drill  was  not  materially  dif- 
ferent from  that  of  ordinary  red  granite.  The 
breccia  was  not  as  free-drilhng  as  granite,  and 
sludge  accumulated  very  rapidly  after  a  shal- 
low depth  of  hole  had  been  gained,  but  it 
broke  better  than  granite. 

Aside  from  the  usual  work  of  setting-up, 
drilling,  and  loading,  the  machine  men  or  help- 
ers mucked  back,  cleaning  the  floor  of  muck 
3  or  4  ft.  back  from  the  breast  in  order  to 
position  the  column  properly.  If  the  "lifters"' 
acted  properly  at  the  previous  firing,  the  muck- 
was  fairly  well  thrown  back  from  the  breast ; 
but  if  either  missed  fire  or  were  exploded  be- 
fore the  other  holes,  considerable  muck  was 
left  at  the  breast  which  required  much  addi- 
tional labor.  The  usual  time  needed  to  muck 
back  was   1.25  hour,  but  this  varied  consider- 


the  total  cost  of  labor  performed  in  each  head- 
ing. The  cost  of  operating  the  machines  per 
shift  was  $3.70  for  the  large  machine  and  $1.85 
for  the  small  machine ;  these  figures,  which 
vary  from  month  to  month,  include  the  cost 
of  everything  connected  with  the  operation  of 
the  machines :  engineer's  wages,  blacksmith  ex- 
penses, new  steel,  repairs  to  the  machines,  cost 
and  repair  of  air-lines,  etc.  The  cost  of  labor, 
per  foot  driven,  by  the  large  machine  was  $3.45, 
and  by  small  machine  $2.56. 

The  cost  of  explosives,  a  detailed  report  of 
which  is  given  in  Table  II,  shows  that  the  40 
per  cent,  dynamite  costs  $0,127  per  lb.,  the 
fuse,  $0.0035  per  ft. ;  and  the  caps.  $0,007  each. 

These  figures,  which  include  freight,  unload- 
ing, wages  of  the  powder  man,  and  one-third 
of   the    wages    of   the    store-keeper,    represent 
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ably.  Flat  steel  48x96x>^-in.  sheets,  were  used, 
from  which  to  shovel  the  material.  These 
were  placed  in  position  3  or  4  ft.  back  from 
the  breast  by  the  trammer  just  before  going 
off  shift.  The  ground  broke  fine  enough  to 
require  little  or  no  sledging.  A  cubic  foot  of 
breccia  in  place  will  average  154  lbs.  in  weight 
as  compared  with  90  lbs.  on  the  muck-pile,  giv- 
ing an  average  of  42  per  cent,  of  void  space. 
All  the  waste  was  trammed  to  the  shaft  800  ft. 
distant,  and  hoisted  to  the  surface.  No  timber 
was  used  in  either  heading. 

The  following  summary  of  the  results  ob- 
tained by  using  both  large  and  small  machines 
has  been  prepared  from  the  data  given  in 
Tables  I  and  II.  Labor  is  the  largest  indiv- 
idual item.  The  wages  of  machine  men  were 
$4  per  shift,  and  the  addition  of  the  items 
given  under  the  several  heads  of  Table  I  shows 


the  entire  cost  of  the  material,  as  laid  down 
at  the  station  for  the  machine  men.  All  fuse 
burned  was  in  7-ft.  lengths.  The  number  of 
feet  of  fuse  burned  and  the  number  of  caps 
used  per  foot  are  practically  the  same;  but  the 
cost  of  dynamite  is  $0.78  less  per  foot  in  the 
heading  driven  by  the  small  machine  than  in 
that  of  the  large  machine. 

The  best  record  for  a  shift's  run.  made  by 
the  large  machine,  was  4.08  ft.,  as  compared 
with  2.96  ft.  for  the  small  machine.  In  drilling 
these  rounds  it  was  found  that  the  large  ma- 
chine had  made  3109.56  cu.  in.  of  hole,  and  the 
small  machine  971.10  cu.  in.  Comparing  these 
figures  with  the  cubic  feet  of  ground  pulled, 
I  cu.  in.  of  hole  drilled  by  the  large  machine 
broke  0.053  cu  ft.  of  breast,  while  the  small 
machine  gave  0.097  cu.  ft.  This  comparison 
shows  that   too   much   work   was   done  by   the 
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Figs.  I  and  2  show  the  number  of  holes 
drilled,  the  degrees  of  pitch  from  the  horizon- 
tal, the  depth  drilled  by  the  starters,  seconds 
and  thirds,  and  the  order  of  firing.  The  cost 
of  coal  before  the  boilers  was  $4.40  per  ton. 
Ordinary  cross  or  square  bits  were  used,  and 
all  the  steel  was  sharpened  by  machine.  At 
each  sharpening  the  steel  lost  yk  to  }i  in.  in 
length.  The  general  tramming  cost  includes 
repairs  to  tram-cars,  tram-tracks  and  the  greas- 
ing of  the  cars. 

The  cost  of  pipe  and  track  is  figured  at  $0.41 
per  ft.,  the  2-in.  pipe  costing,  with  connections. 
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$0.10  per  ft.,  the  track,  together  with  the 
spikes,  plates  and  ties,  costing  $0.31  per  ft. 
Lumber  costs  $20  per  thousand  feet. 

Hoisting  cost  $0,243  per  ton,  which  includes 
all  accounts  that  can  be  charged  to  the  main- 
tenance of  the  hoisting  engines — such  as  wages 
of  the  engineers,  wipers,  top-men  and  cagers, 
repairs,  cost  of  steam,  cables  and  repairs  to 
shaft.  The  hoist  used  is  a  500-H.p.  Webster, 
Camp  &  Lane,  first-motion  hoist,  size  20x48  in., 
having  a  capacity  for  a  maximum  depth  of 
2,500  ft.,  using  5x->^-in.  rope  to  hoist  an  un- 
balanced load  of  8,000  lbs.,  at  an  average  speed 
of  1,500  ft.  per  minute. 
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To  supplies  is  charged  the  cost  of  picks  and 
shovels.  To  general  expense  is  charged  the 
wages  of  foremen  and  shift  bosses,  assaying 
and  surveying,  pumping,  lighting,  including 
candles,  office  expense  and  general  repairs  on 
the  surface. 

The  air  was  furnished  by  a  50-drill,  cross- 
compound,  Ingersoll-Sergeant  compressor,  hav- 
ing steam  cjdinders  24  &  44x48  in.,  and  air 
cylinders  22j4  &  38%^48  in.  The  air  pres- 
sure at  the  receiver  was  100  lb.  and  at  the 
drills  85  lbs.  per  square  inch. 

The  bore  of  the  large  machine  cro^c-cut  is 
5.5x7.5  ft.,  that  of  the  small  machine  is  4.5x7 
ft. ;  it  is  held  that  the  increase  of  i  ft.  in  width 
and  0.5  ft.  in  height  of  the  large  machine 
cross-cut  over  that  of  the  small  machine  cross- 
cut does  not  facilitate  mining  operations. 

The  merits  of  the  work  done  by  the  two  ma- 
chines may  be  briefly  stated  thus  :  The  use  of 
the  small  machine  saves  25  per  cent,  of  the 
cost  of  labor  necessary  to  operate  a  large  ma- 
chine foot  per  foot.  The  cost  of  operating  a 
small  machine  is  50  per  cent,  less  than  that  of 
operating  a  large  machine,  shift  for  shift.  The 
general  tramming-cost  of  the  large  machine 
cross-cut  is  lessened  20  per  cent,  by  using  a 
small  machine.  The  cost  of  explosives  per  foot 
driven  by  the  large  machine  can  be  reduced 
37.7  per  cent,  h^-  the  use  of  the  small  machine. 
The  cost  of  hoisting  and  general  expense  of  the 
large  machine  cross-cut  is  lessened  nearly  20 
per  cent,  by  using  the  small  machine. 

Greater  speed,  regardless  of  cost,  can  be  ob- 
tained with  the  large  machine,  the  small  ma- 
chine being  from  10  to  20  per  cent,  slower. 
The  cost  of  the  large  machine  cross-cut  was 
reduced  27  per  cent,  by  using  the  small 
machine. 


WATER  AIR  COMPRESSOR 

Anton  Kehm  in  Engineers'  Rez'iezc  describes 
an  original  apparatus  for  compressing  air 
hydraulically.  The  establishment  for  which  it 
was  designed  consumes  an  average  of  25,000 
gallons  of  water  per  day,  drawn  from  the  city 
mains  through  a  i^-inch  pipe  under  an  aver- 
age pressure  of  60  pounds  and  discharges  into 
a  number  of  tanks  of  1,000  gallons  capacity 
each. 

This  establishment  operates  a  number  of 
machines  requiring  compressed  air  under  a 
pressure  of  from  2  to  10  pounds.  Compressed 
air   is    also    used    for   blowing    dust   out   of   a 


number  of  electric  motors. 

The  illustration  shows  the  compressing 
device  in  detail.  By  placing  tank  A,  having  a 
capacity  of  1,000  gallons  (or  133  cubic  feet) 
over  the  water  tank  room,  and  a  second  tank 
P,  of  66  cubic  feet  capacity  below  the  tank  A 
in  the  water  tank  room  and  piping  them  as 
shown,  3,325  cubic  feet  of  free  air  will  be 
compressed  to  about  50  pounds  pressure  per 
square  inch  (which  is  more  than  can  be 
used)  without  the  expense  of  operating  an  air 
compressor. 

The  operation  is  as  follows:  Give  the  handle 
of  the  three-w^ay  cock  C,  a  14  turn,  then  the 
water  will  flow  from  the  w^ater  main  to  the 
tank  A,  until  the  float  valve  closes  and  in  turn 


discharges  the  corresponding  volume  of  air 
through  the  check  valve  E  into  the  tank  P. 
The  gage  F  will  indicate  about  2  pounds  pres- 
sure. Then  turn  the  handle  of  the  three-way 
cock  to  its  original  position,  when  the  water 
will  flow  from  the  tank  A.  to  the  water  tank 
and  in  turn  draw  in  air  through  the  check 
valve  G  ready  for  another  filling. 

In  filling  the  tank  A  with  i.ooo  gallons  of 
water  133  cubic  feet  of  free  air  is  compressed 
in  the  tank  P  to  about  2  pounds  and  by  using 
25.000  gallons  of  water  per  day  it  equals  25 
fillings  or  the  displacement  of  3,325  cubic  feet 
of  free  air  compressed  to  about  50  pounds 
pressure  per  square  inch  deducting  necessary 
losses.  This  air  is  drawn  out  of  the  tank  P, 
through  a  reducing  valve  H,  under  the  desired 
pressure. 
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MUNICIPAL      PUMPING      PLANT 
AT  DES  PLAINES,  ILL. 

J.  Francis  Small,  in  Miinicif'al  Engineering, 
describes  an  interesting  air  lift  plant  for  mu- 
nicipal water  supply.  This  plant,  owing  to 
local  conditions,  made  a  departure  from  gener- 
al practice  as  it  was  necessary  to  insure  against 
any  interruption  in  its  operation  throughout 
the  four  seasons. 


phere  and  get  rid  of  it  as  rapidly  as  possible 
after  it  has  performed  its  duty  in  lifting  water 
from  the  well. 

Where  long  pipe-runs  from  wells  into  a 
common  reservoir  are  necessary  a  smaller 
reservoir  or  receiving  tank  is  usually  pro- 
vided at  each  well,  into  which  the  water  from 
the   well   is   discharged,  and   from   this   tank  a 


From  the  profile  drawing  it  will  be  observed 
that  the  reservoir  and  power  house  are  built 
together,  the  walls  of  the  reservoir  forming 
the  foundation  on  which  the  walls  of  the  power 
house  are  placed. 

It  will  be  further  noted  that  the  reservoir 
and  power  house  are  built  on  a  higher  eleva- 
tion than  the  level  on  which  the  three  wells 
supplying  the  water  are  drilled,  and  that  these 
wells  are  separated  from  the  power  house  by 
the  Des  Plaines  river. 
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TESTING   WELL    XO.    I. 

conductor  pipe  is  run  to  the  main  reservoir. 

The  illustration  herewith  will  give  a  clear 
idea  of  this  system. 

On  account  of  the  reservoir  at  Des  Plaines 
being  higher  than  the  wells,  it  became  evident 
that  the  discharge  pipe  at  each  well  would  re- 


The  river  is  shown  at  low-water  mark,  the 
level  at  which  it  flows  a  good  portion  of  the 
year.  A  dotted  line  indicates  a  higher  level, 
which  is  reached  in  the  spring  and  after  heavy 
rains.  When  these  floods  occur  the  wells  be- 
come entirely  submerged  and  it  would  be  im- 
possible to  pump  them  if  special  provision  had 
not  been  made  for  so  doing. 

In  lifting  water  by  compressed  air  it  is  good 
practice  to  discharge  the  air  into  the  atmos- 


TESTI.XG    WELL    XO.    2. 

quire  considerable  elevation  above  the  surface 
in  order  to  raise  the  water  to  a  sufficient  height 
to  permit  it  to  run  into  the  reservoir  by  grav- 
ity, after  which  tlic  (juestion  arose  as  to  the 
building  of  a  separate  reservoir  at  each  well 
in  an  economical  and  substantial  manner,  and 
provide  against  the  river  flowing  into  them  at 
hish-water  mark. 
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The  solution  of  this  proposition  was  to 
abandon  the  idea  of  auxiliary  reservoirs  and 
adopt  the  use  of  a  return  pipe  at  each  well. 
The  illustration  showing  the  piping  rising  from 
the  ground  in  the  form  of  an  inverted  "U" 
will  give  a  clear  idea  of  the  method  pursued 
to  accomplish  this  object. 

To  dispose  of  the  air  a  vent  was  provided  in 
the  top  of  the.  wide  sweep  "T"  forming  the 
top  of  the  pipe  riser  leading  to  the  conductor 
pipe.  (Note  same  marked  "vent"  in  profile 
drawing.)  By  this  form  of  construction  the 
w^ells  are  satisfactorily  blown  regardless  of  the 
river's  level  and  at  the  same  time  are  closed 
against  interference  by  the  public,  yet  open  to 


test  they  raised  at  the  rate  of  279,000  gallons 
for  several  days. 

The  outfit  consists  of  one  I2.\  12x14  Type 
G-S-S  Franklin  compressor,  a  36-inch  by  6-foot 
upright  receiver,  three  Chicago  Pneumatic 
Tool  Company's  special  water  lift  valves  and 
necessary  piping,  all  of  which  was  furnished 
and  installed  by  the  Chicago  company.  There 
are  two  8-inch  and  one  6-inch  wells,  all  three 
of  which  are  about  no  feet  deep. 

Bids  were  submitted  by  the  leading  con- 
cerns engaged  in  the  installation  of  compressed 
air  water  lift  systems,  and  after  due  consider- 
ation the  contract  was  awarded  to  the  highest 
bidder. 


TKSTINr,    WKLI.    SO.    3. 


the  atmosphere  for  \entilation. 

Prior  to  the  Chicago  Pneumatic  Tool  Com- 
pany installing  its  compressed  air  water  lift 
system  the  citizens  of  Des  Plaines  had  no 
regular  supply  of  water  on  which  to  depend. 
54.000  gallons  being  all  that  could  be  pumped 
in  twenty-four  hours. 

The  guarantee  made  by  the  contractors  was 
to  install  a  plant  capable  of  raising  200,000  gal- 
lons  of   water   in    twenty-four   hours.      Under 


USING     PNEUMATIC     TOOLS 
UNDER  V^ATER. 

An  interesting  application  of  pneumatic 
caulking  tools  is  described  in  the  April  21st 
issue  of  the  Engineering  Record.  It  relates 
to  the  laying  of  a  new  gas  main  by  H.  M.  Byl- 
lesby  &  Co.,  engineers  and  contractors,  of 
Chicago,  for  the  Oshkosh  Gas  Light  Co..  of 
Oshkosh,  Wis.     The  main  was  eight  inches  in 
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diameter  and  was  laid  under  the  Fox  river 
from  Oshkosh  to  South  Oshkosh  during  the 
past  summer.  It  was  to  replace  an  old  iron 
main  carrying  low  pressure  coal  gas.  The 
old  main  had  been  badly  corroded  by  the  ac- 
tion of  acids  produced  from  an  unusual  quan- 
tity of  cinders  which  reached  the  river.  The 
new  main  is  made  of  standard  cast  iron  hub 
and  spigot  water  pipe  with  lead  joints,  every 
three  inch  joint  being  a  flexible  one  to  facili- 
tate the  laying  and  to  permit  the  main  to  ad- 
just itself  to  the  bed  of  the  stream.  The  il- 
lustration shows  the  general  layout  and  the 
difficulties  which  had  to  be  overcome.  A 
trench  for  the  main  was  excavated  under  the 
river  by  a  diver  using  a  hydraulic  jet  supplied 
with  water  under  140  lbs.  pressure. 

The  joints  between  the  three  12  ft.  lengths  of 
pipe  were  made  upon  a  scow  which  was  an- 
chored at  the  point  where  the  work  was  in 
progress.     A   flexible   joint   was   made   at   the 


The  rock  came  so  close  to  the  surface  of  the 
bed  of  the  stream  near  the  middle  of  the  cross- 
ing that  the  pipe  had  to  be  anchored  to  it  in 
order  that  safety  might  be  insured  against 
displacement.  Holes  were  made  in  the  rock 
on  both  sides  of  the  pipe  by  a  pneumatic  hand 
drill,  operated  by  a  diver.  Expansion  bolts 
were  then  placed  in  these  holes  and  strips  of 
iron  fastened  over  the  pipe  attached  to  the 
bolts.  After  the  pipe  had  been  laid,  the  trench 
opened  with  hydraulic  jet  was  soon  closed  up 
with  silt  from  the  river. 

The  submerged  main  was  provided  with  a 
gate  valve  at  each  end  on  shore  in  order  that 
it  might  be  cut  out  of  service.  A  connection 
with  an  air  compressor  was  also  provided  on 
the  river  side  of  one  of  these  valves  permitting 
the  main  to  be  tested  for  leaks.  After  the 
laying  had  been  finished,  these  gate  valves 
were  closed  and  air  under  pressure  of  60  lbs. 
was  turned  on   to  test  the  joints.     Whenever 


Details  of  Submerged   Cas  Main  Crossing  Under  Fox   River  at  Oshkosh. 


same  time  on  each  of  the  mains  composed  of 
three  lengths  of  pipe.  The  scow  was  anchored 
over  the  position,  each  section  thus  assembled 
was  to  occupy,  and  the  section  lowered  into 
place  by  a  derrick.  These  sections  were  sup- 
ported by  chains  at  two  points,  one  just  beyond 
each  of  the  two  joints  between  the  lengths  of 
pipe,  in  such  a  manner  as  to  keep  them  hori- 
zontal during  the  lowering.  The  flexible 
joints  were  of  the  Falcon  ball  and  socket  type 
with  bolted  flanged  connections  fitted  with  a 
lead  gasket  between  the  flanges.  When  a 
section  of  the  main  was  lowered  into  place  at 
the  bottom  of  the  river  the  flexible  joint  on 
the  end  next  to  the  pipe  already  laid  was  made 
by  the  diver.  The  diver  made  the  lead  joints 
with  a  pneumatic  hammer  fitted  with  a  caulk- 
ing tool.  The  joints  made  on  the  surface  were 
also  caulked  with  the  same  tool,  air  power 
being  supplied  by  a  Blake  compressor  on  the 
scow. 


leakage  of  air  occurred  a  diver  went  down  and 
recaulked  the  joints. 

The  contractors  guaranteed  leakage,  includ- 
ing condensation,  not  to  exceed  four  gallons 
per  twenty-four  hours.  An  actual  test  after 
the  main  was  completed  showed  the  leakage 
and  condensation  to  amount  to  about  2.75  gal- 
lons per  24  hours.  A  hand  pump  at  the  bot- 
tom of  the  well  on  the  shore  was  of  sufficient 
capacity,  of  course,  to  remove  this  quantity  of 
water,  the  suction  lift  being  reduced  to  reason- 
able working  limits  bv  the  well. 


WE  are  going  forward  with  the  greatest 
load  of  prosperity  ever  carried  by  the 
.\merican  people,  and  the  best  thing 
about  it  is,  that  the  load  is  pretty  generally 
distributed,  so  that  we  may  be  spoiled  a  little, 
but  will  hardly  break  down  under  it  the  present 
year. 
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BLASTING  IN  NEW  YORK.'= 

BY    R.     \V.     RAYMOND. 

The  recent  numerous  instances  of  damage 
done  to  persons  and  property  by  blasting  with- 
in the  limits  of  New  York  City  warrant  a  more 
vigilant  supervision,  not  only  of  the  handling 
of  explosives,  but  also  of  the  methods  of  ex- 
cavation involving  their  use.  So  far  as  danger 
to  human  life  is  concerned,  it  may  be  sufficient 
to  secure  care  and  competency  on  the  part  of 
those  in  charge ;  but  with  regard  to  the  per- 
petual nuisance  of  noise,  and  the  peril  in 
which  buildings  and  foundations  are  involved, 
something  more  should  be,  and  easily  can  be 
done.  Namely,  the  unnecessary  excessive  use 
of  explosives  should  be  prevented.  The  pub- 
lic now  submits  to  the  shocks  and  dangers  of 
heavy  blasts,  under  the  impression  that  these 
evils  are  inevitable.  But  it  is  perfectly  practi- 
cable to  make  excavations  and  drive  tunnels 
through  rock  without  such  catastrophic  per- 
formances. In  tunneHng,  for  instance,  deep 
holes  are  usuallj-  bored  at  the  face,  and  heavy 
charges  of  explosives  are  fired  in  them,  with 
great  loss  of  useful  effect,  due  to  the  disad- 
vantageous direction  of  the  holes.  If  a  verti- 
cal cut  were  made  in  the  center  of  the  face, 
small  holes  on  both  sides,  parallel  to  the  cut, 
would  give  with  light  charges  a  full  theoretical 
effect,  "throwmg"  toward  the  center-cut,  and 
wasting  neither  energy  nor  noise  in  pure,  use- 
less mischief.  The  thing  has  been  done.  ^lan- 
ufacturers  of  rock-drills  are  ready  to  furnish 
machines  which  will  make  the  center-cut;  and 
the  process,  skilfully  directed  and  manipulated. 
need  not  be  more  expensive  in  the  aggregate 
than  the  present  orgj'  of  mis-directed  power. 
Even  if  the  direct  cost  were  a  little  higher, 
it  would  be  more  than  compensated  by  the 
immunity  from  expensive  accidents.  At  all 
events,  the  citizens  of  New  York  have  the 
right  to  insist  that  this  safe  and  quiet  method 
shall  be   absolutely   required. 

If  I  am  correctly  informed,  this  obvious  im- 
provement, while  it  has  shown  itself  to  be  both 
practicable  and  capable  of  reasonably  econ- 
omical application,  has  encountered  a  passive 
resistance,  shown  in  lack  of  loyal  co-operation, 
on  the  part  of  contractors  and  workmen.  En- 
gineers do  not  like  to  quarrel  with  contrac- 
tors over  points  not  definitely  fixed  by  specifi- 
cations; contractors  do  not  like  to  quarrel 
with  labor-unions ;   and  labor-unions   fight,  on 
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general  principles,  all  novelties  or  economies 
which  do  not  actually  increase  wages.  So 
there  we  are ;  nothing  will  move  all  parties  but 
a  legal  requirement. 

This  trouble  about  the  excessive  use  of  ex- 
plosives is  an  old  story  to  colliery  engineers. 
The  persistent  demand  o'f  the  miners'  unions, 
East  and  West,  that  they  shall  be  allowed  to 
waste,  as  dust,  all  the  coal  they  choose,  and 
be  paid  for  it  as  if  it  were  merchantable  coal, 
has  been  disguised  under  various  plausible 
forms.  But,  under  all  these  forms,  it  means 
simply  that  without  regard  to  danger  of  "dust- 
explosions,"  loss  to  operators,  or  injury  to 
property,  the  union  miner  shall  be  allowed  to 
use  unlimited  amounts  of  explosives,  if  he 
can  thereby  obtain  more  remuneration  for 
equal  pains  or  equal  remuneration  at  less  pains. 

Whatever  may  be  conceded  in  rural  districts, 
the  real  estate  of  New  York  City  is  too  valu- 
able  to  be   fooled   with   in   this   fashion. 


COST  OF  FUEL  FOR  ENGINES. 

It  will  be  convenient  in  estimating  the 
amount  of  coal  for  hoisting  engines  and  the 
like,  to  use  the  following  figures  :  Allow  one- 
third  of  a  ton  of  coal  for  each  lo  H.  P.  per  lo- 
hour  shift.  This  rule  holds  good  for  most 
engines  up  to  80  horsepower. 

In  addressing  the  Glasgow  University  Engi- 
neering Society  recently  the  president,  G.  T. 
Beilby,  said  that  there  are  in  Great  Britain 
steam  engines  and  boilers  with  a  yearly  out- 
put of  at  least  5,000,000  H.  P.  The  coal  con- 
sumed by  these  is  not  less  than  five  pounds 
per  indicated  horsepower,  or,  on  the  whole 
40,000,000  tons.  By  the  use  of  gas  engines  and 
steam  turbines  the  coal  consumption  might  be 
reduced  to  one  and  one-half  pounds  per  indi- 
cated horsepower  hour,  or,  on  the  whole,  to 
12,000,000  tons.  The  saving  in  coal,  therefore. 
would  be  equal  to  28,000,000  tons,  valued  at 
i9,8oo,ooo.  The  cost  of  making  the  change 
need  not  exceed  £50,000.000,  or,  if  the  power  is 
to  be  delivered  as  electricity,  £60,000.000,  or 
respectively  £250.000,000  and  £.^00,000.00.  The- 
oretical economies  of  this  kind,  he  added,  were 
often  disregarded;  but  in  the  present  instance 
they  would  amount  to  over  16  per  cent,  on  the 
capital  expenditure,  and  still  more  would  re- 
sult if  one  takes  credit  for  more  efficient  plant 
reducing  working  costs. 
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TUNNELING    UNDER    DIFFICUL- 
TIES. 

A  great  deal  has  been  said  in  the  newspapers 
of  late  about  the  difficulties  encountered  in  the 
tunnels   now   under  way  across  the   East   and 
North  rivers  about  New  York.     It  is  not  gen- 
erally   understood    that    there    are   being   con- 
structed  at   the  present   time   thirteen   distinct 
tunnels  under  these  rivers.     Some  of  them  are 
of    large    diameter    to     accommodate     railway 
trains   and   others   of   less   diameter   for   rapid 
transit  and  trolley  service.     That  tunnels  may 
be  built  successfully  under  these  rivers  is  not 
an  open  question  because  it  has  been  done  be- 
fore.   The  East  River  gas  tunnel  was  built  sev- 
eral   years    ago    and    during    its    construction 
practically  the  same  difficulties  now  met  with 
were  then  encountered  and  overcome.     In  the 
case  of  the  East  River  the  material  is  not  uni- 
form,  some   of  the   time   rock  being   encount- 
ered,  at   others   mud   and   sand,   and   in   some 
places   both    rock   and   mud ;    that   is,   part   of 
the  tunnel  may  be  through  rock  and  the  other 
part  through  mud.    In  the  case  of  the  Hudson 
River    the    problem    of    construction    is    more 
simple   because   there   is   mud   throughoiit   and 
this    is    the    reason    why    we   hear    less    about 
trouble  in  the  North  River  than  on  the  other 
side.      Sotne  thirty  years  ago   Colonel   Haskin 
started  to  tunnel  the  North   River  and  before 
his   death   he   succeeded   in  building  a   tunnel 
about  three-quarters  of  the  way  across.  Four- 
teen years  ago  this  Haskin  tunnel  was  being 
constructed  by  Messrs.  Pearson,  the  contract- 
ors who  are  now  building  the  East  River  tun- 
nels for  the  Pennsylvania  Railroad.     The  man 
in  charge  of  this  work  for  Pearsons  was  Mr. 
E.  W.  Moir,  who  is  now  the  Director  of  the 
East  River  work.    The  old  Haskin  tunnel  was 
recently  taken  up  under  the  able  direction  of 
INIr.  Charles  M.  Jacobs,  the  engineer  who  had 
completed  the  East  River  gas  tunnel,  and  it  is 
through  ]\Ir.  Jacobs'  able  management  that  the 
difficulties  in  the  old  Haskin  tunnel  were  over- 
come and  the  two  headings  were  joined.     We 
have,    therefore,   behind   us   the   experience   of 
two    tunnels    completed    across    both    of    the 
rivers  and  in  nearly  all  of  the  present  work 
Mr.  Jacobs  has  acted,   and  still  acts,  as  con- 
sulting engineer.     In  addition  to  this  the  Penn- 
sylvania East  River  tunnels  are  under  the  able 
management  of  Mr.  E.  W.  Moir  who.  since  his 
experience   with    the   old    Hudson   tunnel,    has 
successfully  driven  the  Blackwall  tunnel  under 
the  Thames  at  London. 
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The  only  real  difference  between  the  tunnels 
now    under   way   and   those   which   have   been 
completed  is  that  the  present  tunnels  are  larger 
in  diameter  and  in  some  cases  are  longer.  This 
does  not,  however,  affect  the  case  further  than 
to   increase   the   cost   and   to   make   it   a    little 
more  difficult  so  far  as  progress  is  concerned 
to    drive    through    material    other    than    rock. 
Most  of  the   present   tunnels   are   driven   at   a 
greater  depth  than  the  old  tunnels,  but  this  is 
an  element  of  safety  in  that  they  are  less  li- 
able  to   "blow-outs."      Compressed   air,   which 
is  the  active  agent  involved,  must  be  supplied 
at  higher  pressures   than    where   the   work   is 
done  nearer  the  surface,  but  these  pressures 
have   in   no  case   so   far   exceeded   45   pounds 
to  the  square  inch,  a  figure  quite  safe  and  con- 
siderably below  pressures  that  have  been  met 
successfully  in  caisson  work  for  bridge  foun- 
dations and  such-like.     The  trouble  which  the 
men  have  experienced  from  the  "bends"  or  the 
caisson    disease   is    what   must   always   be    ex- 
pected in  work  of  this  kind.     Even  with   the 
best   care   and   medical   attention    workmen    in 
compressed  air  will   at  times  get  the   "bends" 
and   in    some   cases   the    result    is    fatal.      The 
work   about   New   York   is   provided   with   all 
the   safeguards   usually   emploj'ed   in   work   of 
this  kind.     In  fact  the  emergency  hospitals  and 
the    medical'  examinations     are     rather     more 
thorough  than  usual  and  it  is  a  matter  of  note 
that  the  supply  of  compressed  air  per  man  at 
work  is  larger  than  in  any  other  work  of  this 
kind. 

There  is,  .therefore,  no  occasion  for  alarm 
about  the  difficulties  incurred  in  subaqueous 
tunneling  about  New  York  and  there  is  every 
reason  to  believe  that  these  tunnels  will  be 
constructed  within  a  reasonable  time  and  with 
as  little  loss  of  life  and  injury  to  the  men  as 
is  possible  under  such  extraordinary  condi- 
tions. 


BLASTING  IN  NEW  YORK. 

Everything  that  Dr.  Raymond,  the  distin- 
guished mining  engineer,  says  on  any  subject 
is  interesting.  We  publish  in  this  issue  a  re- 
cent editorial  of  his,  entitled  "Blasting  in  New 
York  City."  which  calls  attention  in  a  lucid 
and  practical  manner  to  the  reckless  disre- 
gard  of   the   safety   of   property   and    lives    in 


New    York    City    by    blasting   methods    which 
have  always  been   used  and  are  now  used   in 
the  mountains.  What  is  safe  in  a  tunnel  driven 
through  the  Andes  should  not  apply  to  work 
done    under   foundations   of   buildings    in   dis- 
tricts  where  people   live   and   move   and   have 
their  being.     Tunnel  driving  has  grown  to  be 
a   question   of   progress ;    that   is,   men    try   to 
drive    fast    regardless    of    shock    and    of    the 
quantity  of  powder  used.     It  is  a  well-known 
fact    that    the    so-called    "cut"    holes    in    the 
heading  of  the  tunnel  are  in  America  put  in 
8,   10  and   12  feet  deep,   filled   with   dynamite 
and  "blown  out"   in   order  to   release  the  cut 
for   blasting   the    side   rounds.      As    Dr.    Ray- 
mond says,  it  is  perfectly  practicable  to  make 
rock  excavations  and  to  drive  tunnels  through 
rock    without    producing    violent    shocks.      In 
fact  it  is  a  reasonable  statement  to  make  that 
in   the   centers   of   population   and   underneath 
buildings,  or  near  foundations,  the  law  should 
prohibit  blasting  of  rock  except  in  cases  where 
there   is   a   free   face   alongside   of   every   hole 
that  is  blasted.     Experts  know  very  well  that 
in   bench    work   less   powder    is    used    for   the 
same  amount  of  rock  removed  and  less  shock 
encountered   than   in   heading   work.      This    is 
because   bench   work   always   has   a   free   face 
or  a  line  of  least  resistance  toward  which  the 
blast    acts,    while    in    heading    driving    there 
is  no  such  line  until  the  center  cut  has  been 
blasted.      It    is    while   blasting   this   center   cut 
that  most  of  the  shock  occurs.     Machines  have 
been  designed  and  put  into  practical  use  which 
make  channels  in  headings  or  other  placing  in 
the   rock   just   as   channels   are   cut   in   marble 
and  other  quarries.     These  machines  are  ex- 
tremely simple  and  may  be  operated  by  com- 
mon drill  runners.     The  channels  may  be  cut 
in   almost  any   position   and   should   be  placed 
where  they  can  best  relieve  the  shock  of  the 
blast.     As  a  matter  of  fact  channels  might  be 
cut   so   as   to   enable   the   rock   to   be   removed 
without  any  blasting.     This  is  done  in  marble 
quarries     but    a     reasonable    and      intelligent 
amount  of  blasting  made  in  connection  with  a 
proper   placing   of   channels    should    serve   the 
purpose  and  enable  contractors  to  remove  rock 
at  little,  if  any.  increased  cost  beyond  the  pres- 
ent system.     The  saving  in  explosives  is  enor- 
mous, and  when  the  men  are  properly  trained 
and  the  system  has  been  established,  there  is 
no  reason  to  expect  greater  cost  or  less  pro- 
gress. 
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CAISSON  DISEASE. 

There  has  been  much  discussion  latelj^  about 
the  numerous  cases  of  caisson  disease,  or 
"bends"  as  it  is  more  commonly  called,  that 
have  occurred.  This  disease  has  been  the 
cause  of  numerous  deaths  in  the  East  River 
Tunnels,  now  being  constructed  by  the  Penn- 
sylvania Railroad  and  has  always  been  consid- 
ered a  mystery  and  very  little  has  been  known 
of  its  cause  and  effect  outside  of  the  fact  that 
it  usually  attacks  workmen  who  had  spent  too 
short  a  time  in  the  air  lock.  It  has  been 
known,  however,  that  frequently  cases  of 
"bends"  could  be  cured  by  recompressing  the 
patient  and  then  allowing  the  air  pressure  to 
be  lowered  very  gradually  to  atmosphere. 

The  New  York  Evening  Post  recently 
printed  a  most  interesting  editorial  on  the  sub- 
ject of  caisson  disease,  which  is  of  sufficient 
importance  to  be  reprinted  in  full,  and  we  re- 
gret that  space  prohibits  us  from  doing  this. 
The  Post  states  that  recent  autopsies  per- 
formed upon  human  beings  killed  by  this  dis- 
ease indicate  that  the  "bends"  is  caused  by 
air  bubbles  in  the  blood,  as  those  bubbles  have 
been  found  in  the  heart,  blood  vessels,  and 
various  tissues  and  organs.  Air  bubbles  may 
seem  very  harmless  and  it  may  be  asked  how 
they  are  capable  of  producing  such  profound 
disturbances  and  often  death.  The  realiza- 
tion of  the  serious  consequences  of  air  in  the 
circulating  blood  is  as  old  as  Galen.  And  the 
danger  of  allowing  air  to  enter  certain  veins 
in  the  course  of  surgical  operations  is  guarded 
against  by  modern  surgeons.  If  by  any  chance 
air  as  a  bubble — that  is,  in  contrast  to  absorbed 
or  dissolved  air — is  in  the  circulating  blood 
stream,  it  acts  like  a  foreign  body.  The  bub- 
ble may  pass  along  for  a  distance,  but  at  some 
point  it  will  block  the  circulation  of  the  blood 
by  obstructing  a  small  artery.  Should  the  air 
l>ubble  lodge  in  a  vessel  of  the  brain  through 
which  the  blood  passes  to  nourish  some  im- 
portant center,  as  that  which  controls  respira- 
tion, then  the  brain  center  would  at  once  cease 
to  function.  The  individual  stops  breathing 
and  death  ensues.'  The  same  is  true  of  an  air 
embolus  in  the  heart.  But  if  the  circulation  to 
centers  that  are  not  vital  is  impeded,  the  other 
symptoms  of  the  disease  are  manifested,  pains 
in  the  limbs  and  joints  and  various  degrees  of 
paralysis.  In  the  less  severe  forms  of  "bends", 
complete  recovery  of  health  is  not  unusual,  be- 
cause in  the  course  of  a  little  time  the  air  is 


reabsorbed  into  the  tissue  fluids,  and  those 
parts  which  have  suffered  as  a  result  of  starv- 
ation in  having  the  blood  stream  cut  off  from 
them  are  again  restored  to  normal.  Only  in 
the  case  of  the  nervous  system,  wdiere  regener- 
ation of  injured  tissue  is  especially  difficult, 
do  permanent  injuries  result. 

If  the  man  who  has  been  in  a  caisson  for 
several  hours  under  a  pressure  of  two  or  more 
atmospheres  passes  quickly  through  the  de- 
compression lock — so  quickly  that  the  air  is 
not  held  in  solution  in  the  blood,  but  escapes 
in  bubbles  in  the  tissues — this  free  air  causes, 
if  not  death,  a  train  of  severe  and  dangerous 
symptoms.  Physicians  have  been  somewhat 
slow  in  accepting  the  explanation  of  "bends," 
probably  because  the  facts  seem  more  tangible 
to  a  physicist  than  to  one  trained  to  medicine, 
and  also  because  the  observation  of  cases  in  the 
hospital  has  revealed  little  in  explanation  of 
the  disease  and  nothing  as  to  means  of  treat- 
ment. In  fact,  "bends"  is  a  condition  which 
need   almost  never  occur. 

Leonard  Hill  and  Macleod,  two  physiolo- 
gists of  the  London  Hospital,  have  repeatedly 
placed  monkeys  in  a  small  caisson  and  sub- 
jected them  to  a  pressure  of  eight  atmospheres 
( 1 17.6  lbs.  per  square  inch)  without  any  ap- 
parent injury  to  the  animals.  These  investi- 
gators, however,  allowed  two  hours  for  de- 
compression from  this  high  pressure,  which 
is  much  more  than  is  ordinarily  used  in  any 
engineering  construction.  It  is  the  belief  at 
present  that  at  least  fifteen  minutes  for  each 
atmosphere  of  pressure  should  be  taken  in 
order  to  be  within  the  bounds  of  safety,  but 
whether  this  precaution  will  ever  be  rigidly 
observed  is  questionable  ;  and  it  would  be  safe 
to  say  that  the  men  themselves,  as  much  as 
anj'  construction  company,  would  object  to  a 
period  of  a  half  hour  spent  in  a  decompres- 
sion lock,  when  there  is  a  possibility  that  no 
harm  would  come  if  only  live  minutes  were 
allowed   for  the  operation. 


A   practical   milking  machine   has   been   in- 
stalled on  the  dairy  farm  of  C.  F.  ^loul- 
ton  &   Son,   at   Cuba,   N.   Y.,  where  24 
cows  are  now  successfully  milked  twice  each 
day  by  the  new  apparatus.     A  combination  of 
the  vacuum  and  compressed  air  systems  is  used. 
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USES  OF  COMPRESSED  AIR. 

There  is  no  doubt  that  there  is  a  much  great- 
er future  for  the  use  of  compressed  air  for  all 
kinds  of  industrial  purposes  than  is  at  present 
appreciated,  and  that,  as  a  means  of  transmit- 
ting power  over  long  distances  with  the  use  of 
a  reheater  at  the  point  of  consumption,  it  offers 
scope  for  useful  experiment  and  investigation. 
The  utility  of  compressed  air  is  not  appreciated 
in  this  countrj-  to  the  extent  that  it  is  in  others. 
We  associate  its  use  principally  in  connection 
with  railway  brakes  and  rock  drills.  In  other 
countries  its  use  is  general  for  all  kinds  of 
industrial  work,  driving  engines,  locomotives, 
conveying  parcels  through  tubes,  and  in  Paris 
this  form  of  power  is  distributed  not  only  to 
factories  and  electric  lighting  stations,  but  is 
sold,  like  electricity  or  gas,  to  householders  and 
restaurant  keepers,  etc.,  for  all  manner  of  do- 
mestic purposes.  We  referred  a  short  time 
ago  to  the  successful  application  of  compressed 
air  for  several  pumping  installations  by  Messrs. 
Isler  &  Co.,  and  in  a  recent  issue  of  Com- 
pressed Air  is  given  an  instance  of  the  success 
and  economy  of  the  air-lift  in  the  field  of  deep- 
well  pumping  as  compared  with  pumps  of 
ordinary  design.  Two  belt-driven  pumps,  with 
cranks  and  piston,  giving  a  double-acting  ef- 
fect with  a  definite  length  of  stroke,  were  in- 
stalled. They  were  driven  by  an  ordinary  port- 
able steam  engine  and  boiler ;  the  compressor 
used  was  a  second-hand  "straight-line"  machine 
of  i8-inch  stroke.  The  test  was  conducted  by 
a  well-known  consulting  engineer,  who  was 
employed  to  make  tests  to  determine  which 
system  should  be  installed.  The  tests  were  very 
thoroughly  made,  and  definitely  showed  that 
while  the  deep  well  pump  raised  sixty  gallons 
of  water  per  pound  of  coal  burned  under  the 
boiler,  the  air  lift,  under  the  same  conditions, 
raised  300  gallons  per  pound  of  coal  burned. 
While  it  is  admitted  that  a  much  higher  ef- 
ficiency could  have  been  secured  for  the  pump 
by  the  use  of  an  economical  steam  engine,  it 
must  be  remembered  that  the  use  ot  a  Corliss 
compound  compressor  would  have  given  far 
better  results  in  the  case  of  the  air  lift. 


CHARLES  E.  TRIPLER. 

Mr.  Charles  E.  Tripler,  of  liquid  air  fame, 
died  June  20th,  at  Liberty,  N.  Y.,  from 
Bright"s  disease,  after  an  illness  of  two 
months.  The  death  of  Mr.  Tripler  will  re- 
mind a  great  many  persons  of  the  remarkable 


experiments  which  he  conducted  and  of  the 
extravagant  hopes  which  his  work  aroused. 
Up  to  a  certain  point  the  methods  of  all  who 
have  tried  to  liquify  gases  have  been  practical- 
ly identical,  the  first  step  being  to  compress 
the  gas  to  a  high  pressure  and  the  next  to  re- 
move by  a  suitable  use  of  cold  water  the  heat 
developed  in  that  operation.  This,  however, 
was  not  sufficient  for  the  liquefaction  of  air 
and  various  methods  were  resorted  to  to  re- 
duce the  temperature  of  the  compressed  air 
below  the  liquefying  point.  Sir  James  Dewar 
was  accustomed  twelve  or  fifteen  years  ago 
to  surround  the  receptacles  containing  the 
compressed  air  with  liquid  nitrous  oxide  or 
ethylene,  or  something  else  which  is  normally 
a  gas.  By  the  evaporation  of  this  substance 
a  degree  of  cold  was  produced  intense  enough 
to  liquefy  the  contents  of  the  vessel.  Such  a 
process  was  expensive  and  adapted  only  to 
making  liquid  air  in  very  small  quantities.  It 
was  Mr.  Tripler's  ambition  to  evolve  a  pro- 
cess by  which  liquid  air  might  be  made  on  a 
commercial  basis  and  at  low  cost.  He  utilized 
the  expansion  of  a  part  of  his  compressed  air 
to  chill  the  rest  of  it.  His  process  was,  there- 
fore, simpler  and  less  expensive  than  Dewar's, 
though  not  altogether  original.  It  had  been 
employed  previously  by  Linde,  in  Germany, 
and  by  Hampson,  in  England.  !Mr.  Tripler 
probably  improved  the  apparatus  required  and 
he  gave  liquid  air  itself  a  wonderful  impetus 
in  this  country. 

Mr.  Tripler  was  born  in  New  York  City  in 
1849.  His  education  was  received  largely  from 
private  tutors  and,  even  in  his  youth,  he  was 
interested  in  laboratory  experiments  in  physics 
and  chemistry.  He  also  devoted  much  of  his 
time  to  art,  and  a  collection  of  twenty  of  his 
paintings  exhibited  in  various  parts  of  the 
country  twenty  years  ago  attracted  much  at- 
tention. As  soon  as  his  process  for  liquefying 
air  had  been  perfected  he  organized  the  Trip- 
ler Liquid  Air  Company,  capitalized  under  the 
laws  of  Arizona,  for  $20,000,000.  While  this 
company  was  not  a  success,  it  is  due  to  Mr. 
Tripler  to  add  that  while  he  was  sadly  mis- 
taken in  some  of  his  beliefs,  they  were  honest- 
ly held.  The  reason  for  his  failure  was  doubt- 
less the  fact  that  he  lacked  the  scientific  train- 
ing necessary  to  a  perception  of  the  fallacies 
of  his  own  reasoning.  This  is  evidenced  by 
the  fact  that  for  a  long  time  he  fancied  that 
with  machinery  driven  by  liquid  air  he  could 
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manufacture  eight  or  ten  gallons  witli  an  ex- 
penditure of  only  one. 

While  liquid  air  has  not  as  yet  been  used  to 
advantage  commerciall}^  there  is  a  chance  that 
it  may  result  in  a  cheaper  process  for  the  man- 
ufacture of  oxjgen  than  any  other,  owing  to 
the  fact  that  nitrogen  is  slightly  more  volatile 
than  the  other  gas  with  which  it  is  associated 
in  the  atmosphere.  When  the  compound  has 
been  liquefied  the  nitrogen  shows  a  dispo- 
sition to  evaporate  first.  How  fully  this  pro- 
pensity can  be  utilized  in  tlie  manufacture  of 
oxygen  is  yet  to  be  determined,  but  it  illus- 
trates that  though  liquid  air  has  been  a  dis- 
appointment in  a  great  many  ways  it  is  still 
likely  to  prove  of  some  practical  value. 


NEW    PUBLICATIONS. 

The  Xortlnccst  Miiiiim  Journal. — A  monthly 
magazine  devoted  to  mining  and  metallurgy. 
Edited  by  James  B.  Adair.  Volume  i.  No.  4, 
April,  1906;  paper  6j4xi2^ ;  20  pages  illus- 
trated ;  $2.00  per  year. 

This  journal  receives  contributions  from  a 
considerable  number  of  special  contributors 
and  contains  articles  of  value  and  interest.  It 
covers  the  Northwest  mining  field  and  makes 
a  specialty  of  news  from  Alaska,  British  Col- 
umbia, Idaho,  Montana,  Oregon,  Washington 
and  Yukon.  The  leading  articles  in  the  April 
issue  contain  among  others,  "Opening  Up  of 
Claims,"  by  A.  J.  Colquhoun,  E.  M. ;  "Tin 
Deposits  of  York  Region,  Alaska,"  by  J.  H. 
Hill,  E.  M.;  "Placer  Mining,"  by  Julian  A. 
Becker;  'Tyrite,"  by  Judson  C.  Hubbart,  E. 
M. ;  "Gold  Mining  as  an  Investment,"  by 
George  K.  Rogers.  The  more  important  ar- 
ticles are  well  illustrated  and  should  be  of 
value  to  the  mining  engineer. 


TRADE  PUBLICATIONS. 

Chicago  Pneumatic  'I'ool  Co. — Circular  Xo. 
56,  illustrating  and  describing  special  electrical 
tools  and  accessories,  such  as  air  cooled, 
Duntley  electric  drills,  portable  grinders,  port- 
able pressure  blower,  etc.  The  circular  also 
describes  Little  Giant  pneumatic  drills,  with 
Corliss  valve,  Boyer  and  Keller  hammers,  etc., 
etc.,  etc. 

Ingcrsoli-Rand  Co.— Catalog  No.  D43,  illus- 
trating and  describing  Rand  Rock  drills  and 
mountings.  Catalog  No.  X136,  on  Imperial 
Type  II  power  driven  air  compressors.  Bul- 
letin   No.   2007,   on    Imperial   piston   air   drills. 


Booklet  6A,  devoted  to  Imperial  chipping 
hammers,  Haeseler  axial  valve  riveting  ham- 
mers. Imperial  riveting  hammers,  rotary  drills, 
motor  hoists  and  "Little  Jap"  and  "'Little  Imp" 
plug  drillers. 

Sullivan  Machinery  Co. — Bulletin  No.  51C, 
devoted  to  descriptions  of  the  Sullivan  "plug" 
drill   for  quarrying  and  contracting  work. 

C.  A.  Burton  ]\Iachinery  Co.,  Northwest  Cor- 
ner of  2nd  and  Main  Sts.,  Kansas  City,  Mo. — 
"Burton's  Water  Works  for  Country  Homes." 
De  La  Vergne  Machine  Co.,  foot  East  138th 
St.,  New  York  City. — Ten-page  folder,  de- 
scribing the  Koerting  four  cycle  gas  engine 
and  suction  producer  as  installed  in  municipal 
lighting  plants,  factories  and  other  places. 

York  Manufacturing  Co.,  York,  Pa. — Twen- 
ty-four-page catalog,  illustrating  and  describ- 
ing York  vertical  single  acting  ice  and  refrig- 
erating machines. 

Vilter  Manufacturing  Co.,  ^lilwaukee,  Wis. 
— Catolog  A,  May,  1906.  Refrigerating  and 
ice-making  machinery. 

The  Duff  Manufacturing  Co.,  Alleghen\%  Pa. 
— Sixteen-page  catalog,  devoted  to  a  descrip- 
tion of  the  Duff  ratchet  screw  jacks,  roller 
bearing  and  cone  bearing;  also  differential 
screw  jacks.  Eight-page  booklet  describing 
the  Barrett  pipe  forcing  jack  for  forcing  or 
pulling  pipe  horizontally  under  ground. 

De  La  Vergne  Machine  Co.,  Ft.  of  East 
138th  St.,  New  York  City. — Catalog  No.  7, 
devoted  to  refrigerating  and  ice-making  ma- 
chinery. 

Great  Lakes  Eng.  Works,  Detroit,  Mich. — 
Catalog  B,  devoted  to  ice  making  and  refreg- 
erating  machinery. 


Avery  interesting  booklet  has  been  issued 
by  the  Goldschmidt  Thermit  Co..  43  Ex- 
change Place,  New  York,  on  the  sub- 
ject of  thermit  and  what  may  be  done  with  it. 
"Thermit"  is  a  mixture  in  powdered  form  of 
iron  oxide  and  finely  divided  aluminum.  It 
melts,  or  liquefies,  within  tliirty  seconds  after 
ignition,  forming  pure  iron  and  slag,  in  super- 
heated licjuid  form,  and  is  an  ideal  substance 
for  welding  steel  or  iron.  Slag  has  the  prop- 
erty of  instantly  hardening  upon  contact 
with  cooler  surfaces  and  forms  a  glaze 
or  skin  that  is  quite  refractory  even  to  the 
intensely  hot  thermit  steel.  Upon  this  fact  is 
based  the  "thermit"  process  of  welding  pipes. 
The   liquid   steel  quicklv  brings   the  pipe  ends 
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to  welding  heat  and  a  tnrn  of  the  cranking 
screws,  used  in  the  process,  firmly  butt-vveids 
the  ends  of  the  pipe.  Because  of  the  absence 
of  gaskets  and  packing,  welded  pipe  is  espec- 
ially valuable  for  ammonia,  brine,  steam  and 
compressed  air  piping:  it  is  also  suitable  for 
high  pressure  water  pipes.  It  will  be  seen  that 
by  this  process  leakage  is  made  an  impossibil- 
ity and  this  should  be  a  considerable  item  in 
large  compressed  air  plants  where  leakage,  al- 
though, perhaps,  but  a  small  percentage  of  the 
total  volume  of  compressed  air  used,  still 
amounts  to  a  considerable  item  when  figured 
as  power  lost.  Rods  and  bars  may  be  welded 
by  this  process  equally  as  well  as  piping  or 
rails,  and  it  can  be  done  on  the  ground  or  in 
the  engine  room  or  almost  anywhere,  in  fact, 
by  means  of  the  simple  thermit  apparatus  de- 
scribed in  the  booklet  mentioned  above. 


INDUSTRIAL. 


THE  Gravity  Measuring  Coal  Chute  Co.. 
Richmond,  Va.,  is  distributing  a  pamph- 
let, well  illustrated  with  half-tones 
-and  line  drawings,  descriptive  of  coal  chutes 
for  locomotives.  The  delivery  pockets  are  in 
pairs,  each  pair  containing  two  or  four  tons  of 
coal.  Pneumatic  vertical  gates  control  the 
filling  of  the  pockets  from  the  storage  pockets 
above.  It  is  claimed  that  this  method  lowers 
the  cost  of  coaling  locomotives  and  allows  of  a 
reliable  record  being  kept  of  the  amount  deliv- 
ered to  each  engine  as  the  pockets  measure  the 
•coal  as  accurately  as  it  can  be  measured  by 
volume. 


''Producers  and  Consumers"  is  the  title  of 
the  second  document  of  the  Congressional 
campaign  of  1906.  issued  by  the  American 
Protective  Tariff  League.  The  pamphlet  is  a 
reproduction  of  the  great  speech  of  Hon.  Les- 
lie M.  Shaw,  Secretary  of  the  Treasury,  re- 
cently delivered  at  St.  Louis.  Send  postal 
•card  request  for  free  copy.  Ask  for  Document 
No.  85.  Address  \V.  F.  Wakeman,  Secretary, 
339  Broadway,  New  York. 


As  a  "cushioning"'  device  and  buffer  in  rock- 
drilling  the  back  spring  plate  cannot  be  beaten 
in  the  views  of  some  experts.  It  is  claimed 
that  there  are  50  per  cent,  less  side  rods  brok- 
en on  this  type  of  machine  than  on  any  other. 
The  breaking  of  a  side  rod  in  itself  is  a  small 
matter,  but  the  loss  of  time  often  incurred  by 
the  man  in  going  in  search  of  one  is  of  con- 
siderable importance. — F.iigiuccriiig  and  Min- 
ing Journal. 


LUBRICATION     OF     AIR     COM- 
PRESSORS. 

The  high  temperatures  and  general  condi- 
tions peculiar  to  air  compressions  makes  the 
subject  of  lubrication  with  graphite  an  inter- 
esting one  to  all  makers  and  users  of  such 
engines. 

As  far  as  is  known,  from  statistics  gathered 
by  experts,  ignitions  and  explosions  in  air 
compressors  are  due,  primarily,  to  the  char- 
acter and  quantity  of  lubricant  used. 

The  best  cylinder  oil  available  is  liable  to 
give  off  explosive  vapor,  or  "carbonize"  and 
clog  discharge  valves,  so  that  it  must  be  used 
very  sparingly  and  with  caution. 

Soap-suds  is  sometimes  used  but  owing  to 
lack  of  "body"  large  quantities  are  needed 
and  care  must  be  taken  to  feed  oil  into  the 
cylinder  when  the  engine  is  stopped,  or  rust 
will  form  while  the  engine  is  not  running.  In 
the  use  of  graphite,  however,  these  difficulties 
are  entirely  absent.  Graphite  is,  first  of  all. 
the  best  solid  lubricant  known  to  science  and 
practice,  is  absolutely  inert,  unaffected  by  high 
temperatures  and  cannot  vaporize,  ignite,  or 
cause  explosion. 

It  puts  an  unctuous  gloss  on  surfaces  where 
there  is  friction,  it  lowers  friction,  effectively 
prevents  rust  and  greatly  increases  the  effect- 
ive power. 

Recognizing  these  many  advantages  and  the 
superiority  of  graphite,  combined  with  a  lubri- 
cating liquid,  over  all  other  methods  of  air 
compressor  lubrication,  the  Comstock  Engine 
Company  have  perfected  an  air  compressor 
lubricator  for  feeding  graphite  and  soap-suds. 
or  graphite  and  oil.  It  is  also  designed  to 
feed  any  liquid  lubricant  without  the  graphite. 
The  process  is  very  simple  and  efficient.  The 
graphite  mixed  with  the  oil  settles  in  a  com- 
pact mass  at  the  bottom  of  the  graphite  cup. 
This  mass  is  in  such  c<indition  that  the  oil 
will  not  percolate  through  it.  but  is  caused  to 
flow  over  the  surface  of  the  graphite,  a  por- 
tion of  which  is  carried  so  that  each  drop 
contains  the  right  proportion  that  is  necessary 
for  lubrication. 

The  graphite  may  also  be  fcil  by  using  a 
mi.xture  of  graphite  and  soft  soap  in  the  lower 
cup.  and  water,  instead  of  oil.  in  the  upper 
cup.  so  that  the  use  of  oil  may  be  reduced  to  a 
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minimum  or  wholly  abandoned.  The  soap 
used  in  this  mixture  is  prepared  especially  for 
this  purpose  contains  no  uncombined  oil  or 
grease,  and  is  a  fine^  lubricant  by  itself.  The 
"Graphoil"  lubricator  is  as  simple  as  the 
"Graphoil"  process. 

It  has  a  cup  for  the  oil  or  water,  having 
a  valve  for  regulating  the  flow,  and  an  open- 
ing in  the  cover  for  filling,  and  a  brass  cup 
beneath  for  the  graphite. 

There  is  also  a  valve  for  entirely  shutting 
off  all  communication  with  the  air  cylinder 
when  desired,  and  provision  is  made  for  equal- 
izing the  pressure  in  the  lubricator,  so  that 
the  flow  from  the  cup  is  uninterrupted  under 
any  variation  of  pressure  in  the  cylinder.  This 
method  of  using  graphite  commends  itself  to 
users  of  air  compressors  as  a  first  class  lubri 
cant  at  extremely  low  cost,  with  the  danger  of 
explosion  eliminated. 


dents.  \\'here  desired  it  is  possible  to  Iniild 
a  fence  of  any  length  by  using  several  rails. 
The  Manufacturers'  Distributing  Co..  of  New 
York  City,  are  sole  agents  for  the  ]\IcCarthy 
rail  for  the  United  States. 


A  TRENCH  GUARD  AND  LAN- 
TERN HOLDER. 

A  simple  device  invented  by  ^Ir.  D.  1-.  r\Ic- 
Carthy.  of  Waterbury.  Conn.,  is  shown  in  the 
accompanying  cut.  It  is  an  ordinary  trident 
made  of  malleable  and  wrought  iron.  4  ft.  2  in. 
in  length  and  pointed  at  the  lower  end  so  that 
it  may  be  driven  into  the 
ground.  The  section  re- 
maining above  ground,  say 
2  or  2V2  ft.,  is  shaped  into 
three  prongs.  Where  a 
street  is  torn  up  or  where 
there  is  danger  to  passers- 
by,  two  of  these  rails  are 
driven  into  the  ground  and 
a  board  is  supported  be- 
tween them,  each  end  tit- 
ling into  the  V-shaped 
heads  of  the  rails.  There 
is  also  a  device  at  the  tr^o 
of  the  prongs  to  wliich  a 
lantern  may  be  attached 
by  an  ordinary  padlock. 
The  advantages  of  this  device  over  the  old 
method  of  building  a  heap  of  stones  or  mak- 
ing a  barrier  with  boards  and  barrels  are 
numerous.  The  guard  rails  are  easily  driven 
into  the  ground,  they  can  be  used  over  and 
over  again,  the  lanterns  are  securely  locked 
and  there  is  no  danger  of  their  being  stolen, 
this  fact  alone  doing  away  with  one  of  the 
causes   of   damage   suits    resulting    from    acci- 


AN      IMPORTANT     DECISION     IN 

RECENT  PNEUMATIC  TOOL 

LITIGATION. 

.\n  important  decision  was.  on  ^lay  28th, 
rendered  in  London,  Eng..  in  the  Chancery 
division  of  the  High  Court  of  Justice.  The 
suit  was  that  of  the  Consolidated  Pneumatic 
Tool  Company.  Ltd.,  plaintiff,  vs.  the  Inger- 
soU-Sergeant  Drill  Company,  and  Another,  de- 
fendants. The  hearing  was  before  Air.  Justice 
Warrington  and  lasted  over  a  week. 

The  Consolidated  Pneumatic  Tool  Com- 
Comprny,  Ltd.,  had  brought  suit  against  the 
IngersoU-Sergeant  Drill  Company  on  alleged 
infringements  of  the  former's  patents  on  the 
Boyer  Pneumatic  hammer.  They  sought  to 
enjoin  the  sale  of  Haeseler  Pneumatic  Ham- 
mers in  great  Britain. 

The  decision  was  rendered  in  favor  of  the 
Ingersoll-Sergeant  Drill  Company. 


DE  LA  VERGNE  REFRIGERATING 
MACHINES. 

The  De  La  \'ergne  Refrigerating  Co..  are 
placing  on  the  market  refrigerating  machines 
operating  on  the  ammonia  compression-system. 
The  compressors  are  double  acting  and  are 
built  in  three  types,  vertical  with  oil  injection, 
vertical    without   oil    injection    and   horizontal. 

In  the  first  type,  oil — known  as  liquid  base 
— is  injected  into  the  cylinder  during  the  per- 
iod of  compression  for  the  purpose  of  cooling, 
sealing  and  lubricating  the  cylinder,  piston  and 
piston  rod.  This  oil  absorbs  much  of  the  heat 
of  compression  and.  therefore,  economizes  the 
jiower  necessary  to  operate  the  machine.  A 
thin  layer  of  oil  on  top  of  the  piston  and  one 
on  the  lower  end  of  the  cylinder  takes  up  all 
the  clearance  space  and  forces  the  compressed 
gas  completely  out  of  the  cylinder  Iiefore  the 
suction  stroke  begins. 

In  the  vertical  compressor  with  and  without 
oil  injection  practically  the  same  general  de- 
sign of  \-al\-es  and  housings  is  used.  A  spec- 
ial feature  of  these  compressors,  and  one  which, 
every  engineer  will  appreciate  is  the  ease  with 
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whicli  tlie  valves  can  be  removed  for  inspec- 
tion and  cleaning. 

The  guides  carrying  the  suction  valves  and 
springs  are  screwed  radially  into  cylindrical 
suction  valve  housings  ground  into  radial  re- 
cesses in  the  main  cylinder  casting.  In  order 
to  inspect  the  valves  it  is  only  necessary  to 
remove  the  valve  bonnets,  after  which  the 
housings  can  be  drawn  out  with  the  facility 
of  a  Corliss  engine  valve.  The  top  discharge 
valves  are  set  in  a  single  large  housing  which 
makes  a  ground  joint  with  the  main  cylinder 
casting  and  is  held  in  position  by  the  main 
cylinder  head. 

One   lower  discharge   valve   is   set,   with   its 


compressor  and  is  kept  dry  during  compres- 
sion. These,  as  well  as  the  vertical  compres- 
sors without  oil  injection,  may  also  be  oper- 
ated with  '"wet  compression"  in  which  a  small 
amount  of  liquid  ammonia  is  fed  into  the 
cylinder  through  the  suction  pipe. 

In  the  horizontal  compressors  the  same  at- 
tention is  paid  to  the  convenient  location  of 
the  suction  and  discharge  valves,  these  being 
located  like  the  valves  in  a  Corliss  engine, 
but  are  all  in  the  lower  side  of  the  cylinder. 
This  arrangement  allows  the  same  port  to  be 
used  for  both  suction  and  discharge,  and  in 
this  way  the  extremes  of  temperature  to 
which  the  valves  are  exposed  are  equalized. 
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housing,  radially  into  the  main  cylinder  cast- 
ing. All  the  valves  are  held  against  their 
seats  by  springs.  Both  valves  and  springs 
are  made  as  light  as  practicable,  the  valves 
being  hollow  so  that  they  will  offer  little  re- 
sistance to  the  incoming  and  outgoing  gas. 

Heavy  valves  held  in  place  by  stifif  springs 
tend  to  reduce  the  back  (suction)  pressure  in 
the  cylinder  below  that  in  the  suction  line 
and  to  increase  the  discharge  pressure  in  the 
cylinder  above  that  in  the  condenser,  thus  di- 
minishing the  efficiency  of  the  machine. 

The  horizontal  ammonia  compressor  is  ht- 
ted  with  a  water  jacket  for  use  with  what  is 
known  as  "dry  compression"  or  that  in  which 
ammonia   gas   is   superheated   on   entering   the 


The  applications  of  refrigerating  machinery 
have  increased  to  such  an  extent  and  have  be- 
come so  varied  that  refrigeration  now  forms 
a  complete  branch  of  engineering  by  itself  and 
no  one  style  of  machine  can  possibly  meet  all 
the  demands  of  modern  cooling  installations. 

The  De  La  Vergne  .Machine  Company  builds 
a  number  of  different  styles  of  machines. 
Among  these  are  steam  driven  and  belt  driven 
machines,  each  class  being  built  with  one  or 
two  ammonia  compressors.  The  steam  driven 
machines  are  built  vertical  or  horizontal, 
simple,  tandem  compound  and  cross-com- 
pound, depending  on  the  capacity  and  space 
for   the   installation. 
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A  NEW  COLD  AIR  MACHINE. 

A  new  cold  air  machine  has  recently  been 
placed  on  the  market  by  Messrs.  T.  &  \V. 
Cole.  Ltd.,  of  Park  Road  Ironworks,  London, 
E..  England. 

This  machine  has  many  interesting  features, 
among  which  simplicity,  safety  and  ease  of 
working  should  be  mentioned,  and  the  fact 
that  it  produces  a  dry  cold  winter  atmosphere 
in  a  tropical  climate  without  the  aid  of  any 
chemicals,  nothing  being  required  but  the 
power  to  work  it  and  the  small  amount  of 
cooling  water  for  circulation. 

This  machine  should  not  be  confused  with 
the  cold  air  machines  so  much  in  vogue  in 
the  early  eighties.  Although  the  cold  air  sys- 
tem was  the  first  commercially  successful  form 
of  refrigeration,  its  rate  of  progress  was  barred 
by  the  faults  displayed  by  the  earlier  machines 
in  their  inability  to  get  rid  of  the  moisture 
before  the  air  was  expanded,  thus  causing 
large  quantities  of  snow,  which  partly  accum- 
ulated in  the  valves  of  the  machine  and  caused 
unsatisfactory  working,  the  remainder  being 
discharged  into  the  rooms  causing  dampness 
when  the  temperature  rose  above  freezing 
point. 

These  faults  have  been  successfully  com- 
bated in  the  present  machine,  which  is  capable 
of  extracting  all  of  the  mechanically  suspended 
moisture  from  the  compressed  air  before  the 
same  is  frozen,  thus  rendering  the  product  a 
perfectly  dry  cold  air,  devoid  of  any  snow  or 
moisture,  and  enabling  machines  of  a  very 
small  size  to  be  built  and  successfully  operated 
for  the  cooling  of  rooms  containing  food,  or, 
when  used  in  conjunction  with  fan  ventilators, 
for  cooling  living  rooms,  etc. 

By  this  system,  the  air,  after  being  com- 
pressed and  cooled  in  the  compression  cylin- 
der, is  still  further  cooled,  and  particles  of 
moisture  separated  from  it,  in  its  passage 
through  the  cooling  chamber,  and  it  is  after- 
wards led  to  a  drying  chamber,  in  which  it  is 
caused  to  pass,  by  a  circuitous  route,  around 
the  intensely  cold  walls  and  ribs  of  the  expan- 
sion cylinder,  and  deposit  its  moisture  thereon, 
in  the  form  of  hoar  frost,  before  being  ad- 
mitted to  the  expansion  cylinder,  in  which  it  is 
caused  to  do  work  in  driving  the  piston,  which 
is  attached  to  the  crank  operating  the  com- 
pression cylinder;  thereby  converting  its  re- 
maining heat  into  work,  and  producing  a  cor- 
respondingly  low   temperature   about    150°    F. 


lower  than  when  it  was  taken  from  the  out- 
side atmosphere  into  the  compression  cylinder. 

The  importance  of  thus  ridding  the  air  of  its 
moisture  while  in  a  compressed  state  is,  that 
it  enables  machines  to  be  built  of  a  much 
smaller  size,  and  it  can  be  successfully  oper- 
ated without  any  of  the  old  troubles  of  the 
passages  or  rooms  becoming  blocked  with 
frozen  moisture. 

The  moisture  which  is  extracted  from  the 
air  in  its  circuit  round  the  cylinder  is  automat- 
ically drained  off  at  the  end  of  the  day's  work 
by  suitable  drain  cocks. 

Many  of  these  plants  have  been  built  and 
are  working  successfully  in  all  parts  of  the 
world,  and  those  which  are  erected  in  the 
Argentine,  dealing  with  the  excessively  humid 
atmosphere  of  those  parts,  are  giving  great 
satisfaction  in  producing  perfectly  dry  cold 
atmospheres  for  the  various  uses  to  which  it 
is  applied. 

These  compressors  are  built  with  both  cylin- 
ders lying  horizontally  side  by  side,  or  in  ver- 
tical models  as  desired,  and  suitable  for  stores 
for  keeping  of  meat  and  other  produce  at  a 
low  temperature,  and  for  all  other  purposes  for 
which  a  refrigerating  machine  is  required. 


THE  TRAYLOR  ENGINEERING 
CO.  IN   MEXICO. 

Mr.  Samuel  W.  Traylor,  President  of  the 
Traylor  Engineering  Co.,  has  just  returned  to 
New  York  after  an  extended  business  trip  to 
INIexico.  One  of  the  most  important  results  of 
Mr.  Traylors  trip  was  the  conclusion  of  ne- 
gotiations by  which  the  firm  of  Victor  M. 
Braschi  &  Co.,  of  the  City  of  IMexico,  have 
taken  an  exclusive  agency  for  the  products  of 
the  Traylor  Engineering  Co.,  in  Mexico. 

Victor  M.  Braschi,  the  head  of  this  firm,  is 
one  of  the  best  known  mining  and  metallur- 
gical engineers  in  IMexico,  and  the  house 
which  he  has  established  is  equally  noted.  Mr. 
Braschi  is  a  graduate  of  the  Columbia  School 
of  Mines,  of  the  Class  of  i88r.  He  has  had 
an  extensive  experience  in  ore  reducing  and 
other  branches  of  his  profession,  and  has  in  his 
employ  a  large  corps  of  first-class  engineers, 
who  look  after  the  business  of  his  house  in 
every  part  of  Mexico.  Victor  M.  Braschi  & 
Co.,  are  also  the  sole  representatives  in  Mex- 
ico of  the  Ingersoll-Rand  Co.,  the  .\.  S.  Cam- 
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eron  Steam  Pump  Works,  and  the  Erie  City 
Iron  Works.  In  adding  to  their  business  the 
representation  of  the  Traylor  Engineering  Co., 
they  make  a  connection  which  is  very  desir- 
able for  both  business  houses,  as  well  as  for 
their  customers.  The  Mexican  house  will 
carry  in  stock  a  large  line  of  the  products  of 
the  Traylor  Engineering  Co.,  and  will  handle 
no  other  make  of  this  class  of  machinery. 
They  will  represent  the  Traylor  Engineering 
Co.,  fully  so  that  the  customers  of  that  Com- 
pany in  Mexico  can  feel  at  full  liberty  to  en- 
trust their  business  to  Mr.  Braschi  and  his 
representatives,  with  an  assurance  that  it  will 
be  handled  with  skill  and  fidelity.  The  Tray- 
lor Engineering  Co.,  had  in  view  a  large  ex- 
tension of  their  business  into  Mexico  and 
other  export  countries  when  they  chose  the 
site  for  their  new  works  at  Allentown.  Pa. 
This  location  besides  having  a  general  advan- 
tage because  of  its  ready  supplies  of  raw  and 
manufactured  materials  and  trunk  line  rail- 
road connections  is  particularly  advantageous 
in  its  situation  for  export  business.  Freight 
from  Allentown  can  be  put  f.  o.  b.  at  the  sea- 
board cheaper  than  from  Xew  York  City.  Be- 
sides making  the  arrangement  mentioned  with 
Victor  M.  Braschi  &  Co.,  Mr.  Traylor  suc- 
ceeded in  landing  several  very  important  or- 
ders during  ^is  Mexican  trip. 


REFRIGERATION     BY    MECHANI- 
CAL COMPRESSION  OF  ANHY- 
DROUS   AMMONIA. 

It  is  only  of  comparatively  recent  years  that 
the  art  of  Mechanical  Refrigeration  has  been 
developed  through  practical  improvement,  and 
has  come  into  not  only  extensive,  but  almost 
common  use.  We  will  not  enter  into  the  his- 
tory of  the  early  efforts,  and  description  of  the 
processes  attempted  along  these  lines,  but  will 
state  that  experience  has  developed  that  the 
most  practical  method,  and  the  most  success- 
ful, is  by  mechanical  compression  with  anhy- 
drous ammonia  as  the  agent. 

This  system  has  proved  remarkably  success- 
ful and  has  virtually  supplanted  all  others, 
and  what  were  seeming  failures  originally 
arose  from  faults  in  design  and  construction 
of  the  necessary  machinery,  the  fact  having 
been  appreciated  all  the  while  that  it  was  the 
really  correct  system  for  lowering  of  temper- 
ature. 


The  Eclipse  Refrigerating  Machine  for  this 
work  is  of  novel  design,  and  consists  of  two 
vertical  single-acting  compressor  pumps  driven 
by  a  horizontal  steam  engine,  all  parts  forming 
one  structure. 

The  compressor  pump  is  so  constructed  that 
it  perfectly  receives  and  expels  the  full  charge 
of  gas.  No  other  can  do  more  than  this  while 
many  do  less  owing  to  faults  in  construction 
and  design. 

Each  pound  of  dry  ammonia  gas  discharged 
bv  the  compressor  is  capable  of  accomplishing 
a  definite  amount  of  refrigeration  and  the 
maximum  pounds  of  gas  compressed  for  the 
minimum  pounds  of  steam  used  in  the  engine 
of  a  refrigerating  machine  is  the  real  index 
of  economy. 

The  important  feature  of  this  machine  is  the 
compressor  pump. 

The  compressor  pump  cylinders,  being  of 
vertical  style,  are  relieved  from  the  weight  of 
the  moving  pistons  with  the  consequent  fric- 
tion, and  thus  obviating  the  rapid  and  unequal 
wear  of  the  bore  and  piston  heads. 

The  gas  compression  is  effected  on  the  up 
stroke,  and  the  space  below  the  piston  is  sub- 
jected only  to  the  low  suction  pressure  of  the 
gas,  ranging  from  o  to  35  pounds,  hence  the 
piston  rod  stuffing  box  packings  are  easily  kept 
tight  without  undue  friction  and  wear  of  the 
piston  rod  and  an  important  saving  of  am- 
monia. 

The  suction  valve  of  large  area,  is  located 
in  the  piston  head,  and  being  balanced  by  a 
spring,  presents  no  resistance  to  the  gas  which 
flows  into  the  vacant  space  above  the  piston 
on  its  return  stroke,  under  the  pressure  and 
velocity  due  to  evaporating  temperatures  of 
the  refrigerating  system. 

A  cushioning  chamber  with  a  spring  assists 
in  closing  the  suction  valve  promptly  and 
noiselessly  as  the  up-stroke  begins,  the  im- 
prisoned gas  being  gradually  compressed  until 
it  equals  the  condensing  pressure  acting  upon 
the  discharge  valves  located  in  the  pump 
dome,  then  discharge  begins. 

The  gas  parts  with  more  or  less  of  the  heat 
of  compression  through  the  walls  of  the  cyl- 
inder ;  the  dome  and  cylinder  being  enveloped 
by  a  water  jacket,  through  which  cold  water 
is  constantly  circulating.  This  not  only  pre- 
vents superheating  of  the  gas  during  com- 
pression, but  also  carries  off  much  of  the  heat, 
materiallv  assisting  the  condenser,  and  cutting 
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down  the  gas  resistance  to  a  marked  degree, 
below  that  which  would  be  present  without  its 
use. 

The  safe  operation  of  the  piston,  metal  to 
metal  against  the  top  cylinder  head  and  the 
expulsion  of  the  full  charge  of  compressed  gas 
without  danger,  is  secured  by  the  movable 
pump  head,  of  what  is  termed  a  safety  head, 
being  a  valve  of  the  full  size  of  the  compressor 
bore,  through  the  seat  of  which  the  piston  may 
pass  without  injury. 

This  safety  head  does  not  regularly  operate 
as  a  valve,  the  working  discharge  valve  being 


minimum  wear  and  tear  calls  for  a  large  ex- 
perience, to  establish  the  best  adaptation. 

In  this  machine,  the  steam  engine  is  an  in- 
tegral part  of  the  machine,  and  incorporated  in 
the  structure,  the  construction  being  such  that 
the  engine  and  pump  are  self  contained. 

The  engine  rod  connects  directlj-  upon  one 
of  the  pump  crank-pins,  and  the  relative  posi- 
tion of  engine  and  compressor  is  such  that  a 
delivery  of  the  power  of  engine  to  the  pumps 
is  effected  during  the  maximum  compression,  - 
and  in  the  most  perfect  manner  possible  se- 
curing economv  of  transmission  :  and  uniform 
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in  the  centre  of  the  safety  head,  and  fitted  with 
cushioning  chamber  and  spring,  securing 
prompt  and  noiseless  operation. 

The  safety  head,  with  its  discharge  valve, 
valve  guides  and  valve  seat  is  self-contained 
and  independent  of  the  pump  cylinder,  render- 
ing the  whole  valve  mechanism  convenient  for 
repairs,  removal,  or  replacing  by  duplicates 
without  loss  of  valuable  time. 

In  case  of  accident  to  a  compressor  pump 
the  stop  valves  on  the  suction  and  discharge 
of  the  disabled  one  may  be  closed  and  the 
other  pump  continue  to  work,  the  disabled 
pump  being  examined  and  repaired  at  leisure. 

The  proper  proportions  and  sizes  of  engine 
to  drive  a  gas  compression  pump  of  a  given 
size,  under  the  conditions  of  its  use.  as  well 
as  the  perfecting  of  such  engine  that  it  will  do 
the  work  with  maximum  economv  in  fuel  and 


motion  being  maintained  through  the  heavy 
flywheel. 

The  wearing  and  bearing  surfaces  have  ad- 
justments for  compensating,  and  are  of  the 
most  liberal  extent,  the  main  crank  shaft  being 
supported  in  three  bearings  of  rigid  stability, 
and  located  with  best  references  to  the  demand 
of  power  transmission,  shaft  alignment,  and 
the  avoidance  of  destructive  strains. 

In  connection  with  the  installation  of  a  first 
class  refrigerating  machine  for  Cold  Storage, 
Abattoir.  Packing  House,  Chemical  Works, 
Brewery,  Ice  Factory,  etc.,  it  will  be  in  order, 
to  secure  the  highest  attainable  efficiency,  that 
the  Condenser  system.  Cooler  system.  Am- 
monia and  Vaporizing  systems.  Valves.  Con- 
nections, Tanks  and  all  details  of  the  outfit, 
be  given  the  most  careful  consideration  of  the 
engineer,  and  a  perfect  adaptation  made  to  the 
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general  details  of  the  duty  required. 

The  triple  pipe  brine  cooler  is  especially 
adapted  for  use  in  cooling  the  circulating  brine 
to  the  low  temperature  required  in  connection 
with  the  operation  of  freezing  systems  with 
storage  rooms.  In  its  operation  the  annular 
space  between  the  intermediate  pipe  and  in- 
side of  the  outer  pipe,  takes  the  current  of 
warm  brine  discharged  by  brine  circulating 
pump  and  passing  thence  through  the  inside 
pipe  of  the  cooler  goes  out  to  the  brine  de- 
livery pipe  system. 

The  annular  space  between  the  inner  pipe 
and  inside  surface  of  the  intermediate  pipe  be- 
ing connected  with  the  ammonia  liquid  feed 
and  gas  returns,  secures  the  rapid  and  efficient 
heat  transfer  and  vaporization  due  to  sur- 
roundings of  rapid  brine  currents,  attains  the 
lowest  temperature  with  the  higher  econom- 
ical pressure  of  return  gas.  Many  of  these 
coolers  have  been  installed  with  most  grat- 
ifying success  in  accomplishment  of  the  re- 
sults sought  for. 

The  Eclipse  Refrigerating  machine  is  manu- 
factured by  the  Frick  Company,  Waj-nesboro, 
Pa. 


AN   ENGLISH    AIR    COMPRESSOR. 

A  new  air  compressor  is  being  put  on  llie 
market  by  Messrs.  Thomas  White  and  Sons, 
of  Paisley,  and  one  is  being  installed  in  the 
new  shops  of  Lilybank  Boiler  Works,  Toll- 
cross.  The  new  machine  is  of  the  low  speed 
type,  which  the  makers  consider  gives  the 
highest  efficiency.  The  example  referred  to 
has  a  steam  cylinder  15  inches  in  diameter  and 
an  air  cylinder  15%  inches  in  diameter,  the 
length  of  stroke  being  24  inches.  Working  at 
100  revolutions,  it  is  capable  of  compressing 
about  500  cubic  feet  of  free  air  per  minute. 
The  features  of  most  interest  are  the  air  cylin- 
der and  the  methods  of  governing.  The  valves, 
which  are  made  of  nickel  steel,  are  light  and 
are  of  small  diameter,  but  combined  give  a 
large  port  area.  This  the  makers  find  gives  a 
higher  efficiency  than  a  few  valves  of  large 
diameter.  By  a  new  arrangement  the  piston 
passes  partly  over  the  valves,  so  that  there  is 
really  very  little  lost  space  at  the  end  of  the 
stroke,  while  it  is  impossible  for  a  valve  to  drop 
into  the  cylinder  in  the  event  of  it  breaking. 
The  valves  are  all  interchangeable,  and  can  be 
instantly  removed  by  unscrewing  a  covering 
brass  cap.  In  the  action  of  the  governing  ar- 
rangements,   the    inlet    pipe    closes    when    the 


pressure  in  the  receiver  rises  to  100  pounds, 
and  the  compressor  then  works  in  a  vacuum. 
At  the  same  time  a  small  piston  is  operated, 
acting  on  a  double-beat  throttle  valve  shutting 
down  the  steam  until  the  compressor  is  only 
just  moving.  With  this  arrangement,  and 
with  the  ordinary  high-speed  governor  on 
steam  end.  a  double  check  is  effected.  The 
steam  cylinder  is  fitted  on  the  compressor 
with  a  Meyer  expansion  gear,  enabling  the 
steam  to  be  cut  oflf  at  any  point  from  ^4.  to 
J4  of  the  stroke,  even  while  the  compressor  is 
running.  The  White  compressor  is  to  be  em- 
ployed for  supplying  power  for  pneumatic 
caulking  and  drilling  tools,  of  which  the  new 
.works  will  have  a  great  number. 


PURIFICATION    OF    COMPRESSED 
AIR. 

In  the  use  of  pneumatic  tools  and  the  oper- 
ation of  all  devices  where  compressed  air  is 
the  motive  power,  there  are  failures  of  the 
apparatus  due  to  the  presence  of  scale,  moist- 
ure and  dirt  in  the  air. 

Numerous  devices  are  used  for  eliminating 
this  objectionable  material.  Large  reservoirs 
at  the  air  compressors  and  in  some  cases  at  the 
outlets  around  the  shops  are  used  to  give  the 
moisture  time  to  settle.  Screens  are  used 
which  will  hold  back  all  particles  of  dirt  that 
cannot  pass  through  the  mesh.  Again,  in  or- 
der to  clean  the  air  more  effectively  we  find 
a  double  screen  packed  with  some  fibrous  ma- 
terial. This  last  method  makes  a  very  effective 
device,  but  accumulated  dirt  and  moisture 
tends  to  stop  the  free  flow  of  air. 

A  new  device  for  purifying  compressed  air, 
the  Derby  Dust  Collector,  is  now  being  put 
on  the  market  by  the  Derby  Manufacturing 
Co..  of  Burlington.  Iowa.  This  device  is  par- 
ticularly novel  in  that  it  uses  no  screens,  but 
depends  on  centrifugal  action  to  purify  the 
air.  The  collector  is  made  in  one  casting, 
and  has  two  chambers,  an  upper  separating 
chamber  and  a  lower  collecting  chamber.  .\t 
the  bott(Mn  is  a  plug  for  cleaning.  The 
plug  supi)orts  a  pedestal  and  cap  which  holds 
in  the  collected  material.  The  air  enters  the 
upper  chamber  at  the  side,  which  gives  a 
whirling  motion.  This  action  throws  the  dirt 
out  to  the  sides  of  chamber  and  is  drawn 
down  into  the  lower  chaml)er.  The  dirt  would 
be  drawn  up  through  the  vortex  of  this  whirl- 
ing body  of  air  were  it  not  fur  the  cap  which 
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is  placed  in  the  path  of  this  vortex.  The  pur- 
ified air  at  the  center  of  the  upper  chamber 
poes  out  at  the  top  part  of  casting.  This  form 
of  collector  will  purify  the  air  of  all  material 
that  has  a  specific  gravity  heavier  than  the 
air.  It  takes  the  collected  material  out  of  the 
air  path  and  gives  a  free  passage  way  for  the 
air  at  all  times.  Where  there  is  much  moist- 
ure accumulating,  a  petcock  is  used  for  more 
readily   draining  the   collection   chamber. 

The  collector  is  small  and  adapted  for  use 
at  the  outlets  of  air  pipes  where  it  will  give  the 
maximum  eflSciencj'  in  keeping  the  dirt  and 
moisture  out  of  the  apparatus  that  is  being 
operated. 

In  the  operation  of  air  brakes  on  passenger 
and  freight  trains  it  is  essential  to  have  the 
brakes  on  all  cars  operate  as  nearly  simultan- 
eously as  possible.  The  accumulation  of  dirt 
and  moisture  in  the  valves  makes  this  simul- 
taneous operation  uncertain.  This  collector 
keeps  all  foreign  material  from  passing  from 
the  pipes  to  triple  valve,  consequently  it  in- 
creases the  efficiency  of  their  operation  and 
decreases  the  amount  of  cleaning  and  repairs. 


SCIENCE  LIBRARY  OF  THE 
PRATT  INSTITUTE. 

The  applied  science  reference  room  of  the 
Pratt  Institute  Free  Library  ( Ryerson  street 
near  DeKalb  avenue,  Brooklyn)  has  for  its  ob- 
ject the  aiding  of  those  engaged  in  any  trade 
or  industry,  irrespective  of  any  connection 
with  Pratt  Institute.  Hundreds  of  questions 
arise  every  day,  in  the  factories  and  shops  of 
a  city,  which  could  be  answered  from  some 
printed  page.  It  is  the  intention  of  the  refer- 
ence room  to  supply  this  need  as  far  as  pos- 
sible, sometimes  with  books,  very  often  with 
periodicals  or  transactions,  and  again  with 
trade  catalogues. 

In  the  room  set  aside  for  this  work  in  the 
Free  Library  of  Pratt  Institute  are  taken  near- 
ly a  hundred  trade  and  scientific  papers,  giving 
the  latest  news  of  the  industrial  world.  There 
are  besides  over  fifty  of  the  labor  union  papers, 
of  which  a  file  is  preserved.  The  most  im- 
portant of  the  periodicals  are  bound,  and  these 
bound  files  contain  much  material  that  can  be 
found  nowhere  else.  The  publications  of  the 
United  State  Patent  Office  are  kept  here  also 
and  are  used  daily.  The  collection  of  books 
includes  up-to-date  publications  in  various  in- 
dustries,  such   as   electrical   engineering   in   all 


its  branches,  plumbing,  manufacture  of  tex- 
tiles, industrial  chemistry,  gas  engines,  the 
making  of  cement,  and  so  forth  and  so  forth. 
The  books  in  this  room  are  not  allowed  to  go 
out,  so  that  anyone  coming  is  sure  to  find  the 
book  he  wishes  to  refer  to,  if  it  is  a  part  of  the 
collection.  The  library  has,  however,  a  good 
collection  of  books  in  these  subjects  for  cir- 
culation, often  duplicates  of  the  books  in  the 
applied  science  reference  room.  The  room  is 
in  charge  of  Mr.  Edwin  M.  Jenks,  whose  work 
is  to  help  those  who  are  looking  up  any  ques- 
tion that  lies  within  the  province  of  this  room. 

A  large  collection  of  trade  catalogues  fur- 
nishes the  very  latest  information  in  many 
lines,  and  is  being  enlarged  constantly.  The 
library  will  get  any  trade  catalogue  in  print, 
at  the  request  of  any  user  of  the  library,  if  it 
is  obtainable.  One  new  feature  of  the  room 
is  a  collection  of  mounted  cuts  of  machines 
and  mechanical  devices.  These  may  be  used 
in  the  room  or  taken  away  to  work  with,  if 
desired.  A  man  looking  up  a  new  form  of 
chuck,  for  example,  will  find  a  score  of  cuts 
showing  different  chucks,  and  among  these 
may  well  find  some  that  will  be  of  service  to 
him. 

Men  studying  in  the  evening  schools,  those 
preparing  for  civil  service  or  other  examina- 
tions, lawyers,  and  men  of  various  interests, 
will  find  this  department  of  use.  The  room  is 
open  every  day  except  Sunday,  from  12.30  p.  m. 
to  g.30  p.  M..  and  can  be  used  between  9  a.  m. 
and  12.30  through  the  library  office. 


Ores  and  Metals  announces  that  from 
this  time  on  it  will  be  published  by  Reinert 
Brothers,  of  Denver,  Col.  Under  the  new 
management  the  paper  has  been  enlarged  and 
considerably  improved  both  in  appearance  and 
in  the  quality  of  its  contents.  Those  who 
know  the  present  publishers  have  no  doubt 
that  the  improvement  will  continue.  The  new 
Ores  and  Metals  will  be  edited  by  Mr.  Carl 
H.  Paddock. 


The  object  of  piston  valves  originally  was 
to  take  the  place  of  large  slide  valves  which 
could  not  be  made  tight  and  were  therefore 
ineffective.  In  action  the  piston  valve  de- 
creases the  friction  and  increases  the  port 
opening  for  the  same  space  occupied  bv  the 
valve.  A  typical  shape  of  a  piston  valve  is  a 
D  slide  valve  wrapped  in  the  form  of  a  cylin- 
der. 
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RACTICAL  ITEMS  for 
PRACTICAL  MEN. 


AIR   COMPRESSOR    GAVE    MOIST 
AIR. 

Air  compressors,  as  most  engineers  know 
who  handle  them,  sometimes  cause  a  "bunch" 
of  trouble.  The  plant  that  I  have  charge  of 
has  been  running  about  two  years,  and  among 
a  lot  of  first  class  apparatus  a  new  compresser 
was  installed  of  the  compound  type,  having 
cylinders  i8  inches  in  the  low  side  and  12 
inches  on  the  high  side  with  a  12-inch  stroke, 
bel-t-driv^n. 

When  I  started  this  compressor  everything 
ran  all  right,  but  the  air  was  very  moist,  some- 
times getting  so  bad  that  it  could  not  be  used 
on  the  air  hoist  in  the  foundry  or  on  the  pneu- 
matic drills  in  the  machine  shop,  and  it  was 
up  to  the  engineer  to  furnish  dry  air.  The 
receiving  tank  would  sometimes  fill  up  to  %  of 
its  capacity  with  water,  and  I  was  wishing  that 
Bill  B.  Banger  was  around  to  help  me  find  the 
trouble. 

One  Sunday  I  took  off  the  heads  and  found 
that  the  high  pressure  cylinder  was  full  of 
water,  while  the  low  pressure  cylinder  was  dry. 
I  then  examined  the  cooling  chamber  which  is 
located  between  the  low  and  high  pressure 
cylinders,  and  found  that  full  of  water  also. 
Then   I  began  to  see  light. 

The  trouble  was  caused  by  the  drain  pipe 
from  the  cooling  chamber  being  connected  into 
the  main  drain  pipe  in  the  engine  room.  This 
main  drain  pipe  received  the  water  from  all 
the  pumps,  condensers  and  engine  drips  in  the 
plant.  The  compressor  was  provided  with  a 
governor  which  was  placed  on  the  air  intake 
pipe.  When  the  ball  on  this  governor  is  down 
the  compressor  takes  air  and  discharges  it 
until  the  desired  pressure  is  obtained.  Then 
the  ball  rises,  the  intake  valve  closes  and  the 
compressor  runs  under  a  high  vacuum. 

My  trouble  was  that  every  time  the  com- 
pressor ran  under  a  vacuum,  when  the  valve 
on  the  drain  pipe  on  the  cooling  chamber  was 
open,  it  drew  all  the  water  that  was  in  the  drain 
pipe  into  the  compressor,  and  from  there  it 
found  its  way  into  the  receiving  tank  and 
caused  trouble. 

I  disconnected  this  pipe  from  the  main  drain 
pipe  and  the  air  has  since  been  perfectly  dry, 


excepting  in  rainy,  or  real  cold  weather,  when 
it  may  get  a  little  moist,  but  not  enough  to 
cause  any  trouble. 

A.  B.  M.,  in  Engineers'  Review. 


PRESSURE  ANNUNCIATOR. 

A  new  pressure  annunciator  with  which 
there  is  said  to  be  no  danger  of  failure  to 
operate  the  air  mechanism  properly  has  just 
been  perfected.  The  new  instrument  is  guar- 
anteed to  warn  the  operator  whenever  the  air 
pressure  falls  below  or  exceeds  certain  prede- 
termined standards.  The  device  can  be  ad- 
justed to  the  exact  low  or  high  air  pressure 
that  is  desired.  When  the  air  pressure  drops 
below  the  low  pressure  point  previously  de- 
termined, the  annunciator,  which  is  generally 
installed  on  the  storage  pipe  line  leading  to 
the  engineer's  brake  valve,  blows  a  continuous 
whistle  for  15  seconds.  When  the  air  pres- 
sure exceeds  the  high  pressure  point  pre- 
viously determined,  the  whistle  sounds  con- 
tinuously until  the  excessive  air  pressure  is 
reduced  to  the  normal  high  pressure  point. 
The  annunciator  also  operates  as  a  pop  or  re- 
lief valve,  and  will  discharge  to  the  atmo- 
sphere the  capacity  of  the  compressor,  should 
the  compressor  become  short-circuited,  or  if 
the  operator  is  unable  to  stop  it,  thus  prevent- 
ing the  burning  out  of  electrical  apparatus,  or 
the  blowing  up  of  pipe  lines  or  reservoir.  It 
is  nine  inches  in  height  over  all,  and  two 
inches  in  diameter.  It  will  insure  an  even 
braking  pressure  at  all  times,  and  can  be  used 
upon  any  airbrake  system  in  operation  at  the 
present  time. 


LEAKY  valves  in  pipe  lines  are  in  most 
cases  due  to  the  abuse  of  the  valve. 
There  are  a  number  of  ways  in  which 
this  ai)use  occurs.  When  the  line  is  laid 
cement  is  improperly  used,  gets  into  the  pipe 
and  then  lodges  on  the  valve  seat.  Again, 
the  pipe  is  some^tinies  threaded  longer  than 
is  necessary,  with  the  result  that  it  is  screwed 
against  the  partition  of  the  valve,  injuring  it. 
The  lighter  valves  are  .sometimes  sprung  by 
the  wrong  applicaton  of  pipe  wrenches,  while 
the  attempt  to  strain  leaking  stuffing  boxes, 
instead  of  repacking  them,  is  often  the  cause 
of  much  injury  to  a  valve. 
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THE  PNEUMATIC  TOOL. 

In  the  old  shops — and  the  lapse  of  a  few- 
years  makes  things  "old"  in  this  progressive 
age — the  machinery  was  all  heavy  and  sta- 
tionary. Elaborate  and  powerful  devices  were 
necessary  to  bring  large  pieces  to  the  place 
where  alone  it  was  possible  to  perform  some 
necessary  operation.  Now,  owing  to  the  prog- 
ress of  invention,  we  move  the  tool  itself  about. 
Often  it  can  be  made  so  small  as  to  be  held 
in  the  hand,  so  that  the  ease  and  rapidity  of 
work  have  both  been  greatly  multiplied.  This 
has  been  due  in  great  part  to  the  introduction 
of  pneumatic  transmission.  Says  ^Ir.  R.  Emer- 
son, writing  on  the  subject  in  The  Engineer- 
ing Magacine : 

"The  great  varietj-  of  uses  to  which  air 
power  can  be  put  has  made  its  development 
rapid  and  extensive  and  its  effect  on  prevail- 
ing practices  and  methods  has  been  so  marked 
as  almost  to  revolutionize  every  important  line 
of  modern  engineering.  Stone  cutters,  rock 
drillers,  motors,  hammers,  yoke  riveters,  hoists, 
lifts,  presses,  carpet  cleaners,  sand  blasts,  paint- 
ing machines,  conveyors,  bolt  nippers,  jam  riv- 
eters, flue  cutters,  holder-ons,  air  jacks,  sand 
ranuners,  bell  ringers,  sand  sifters,  fire  forges, 
brazing  and  welding  flames — these  are  a  few 
of  the  less  well-known  uses  of  compressed  air. 

"Pneumatic  and  electric  motors  do  not  'gen- 
erate' power;  they  turn  into  useful  w-ork  the 
energy  transformed  through  them.  Both  elec- 
tric and  pneumatic  motors  are  of  such  recent 
development  that  many  practices  that  ought  to 
be  obsolete  still  prevail,  especially  in  railway 
shops,  where  competition  does  not  exert  the 
same  stimulus  as  in  commercial  shops. 

"The  shops  of  the  inmiediate  past  had  a 
main  shaft  driven  by  a  Corliss  engine.  This 
shaft  drove  all  the  machine  tools.  There  was 
either  a  mechanical  or  a  hand  crane — or  none 
at  all — over  the  assembling  floor.  Present 
practice  drives  generators  direct  by  high- 
speed 'automatic'  engines  ;  takes  the  current  to 
large  20  or  .30-horsepower  motors  (relegated 
to  the  rafters  in  the  shops),  each  driving  a 
'group'  of  machines,  through  main  and  coun- 
tershafts, some  heavy  machines  having  individ- 
ual motor  drive ;  and  also  installs  an  air  com- 
pressor, reservoir  and  piping,  with  motors  and 
hammers  for  use  on  the  floor  and  outside. 

"While  it  is  probable  that  individual  and 
group  drive  will  be  retained  much  as  at  pres- 
ent,   the    impending    advance    in    shop    better- 


ment with  increase  of  capacity,  indicates  that 
manj-  heavy  operations  will  be  done  by  port- 
able tools  (whether  light  electric  or  air,  or  the 
heavier  electric-driven  machines  carried  on 
trucks  or  transferred  by  crane)  avoiding  the 
effort  of  moving  the  mountain  to  Mohammed. 
It  is  this  phase  of  the  question  that  interests 
us,  for  it  means  a  transformation  not  only  of 
work  done  by  hand  to  work  done  by  power, 
but  also  transplanting  of  work  done  in  the 
machine  shop  to  work  done  on  the  floor,  and 
the  savings  and  economies  to  be  effected  will 
be  considerably  greater  than  those  obtained 
through  individual  group  electric  machine 
drives —  greater  even  than  those  obtained  by 
high-speed  steels.  For  example:  if  it  takes  14 
hours  to  set  up  a  job  and  six  to  do  it,  of  which 
during  less  than  three  a  high-speed  tool  is 
actually  cutting,  a  saving  of  10  to  12  hours 
might  be  realized  by  moving  a  portable  tool  to 
the  part  to  be  repaired  or  machined. 

"A  few  years  ago  (and  even  in  some  shops 
to-day)  all  drilling,  tapping,  chipping,  calking, 
riveting,  reaming,  flue  rolling,  grinding  of 
joints,  cutting,  beading,  valve-seat  facing,  ram- 
ming, etc.,  was  done  entirely  by  hand,  and 
there  was  no  such  thing  as  an  air-lift  to  handle 
work  for  heavy  machines  :  to-day  all  progres- 
sive shops  are  dependent  on  air  for  economi- 
cal production." — Sfoz'e  and  Hardicare  Re- 
porter. 


IX  working  iron  bars  up  into  a  chain,  it  is 
easy  to  see  that  the  longer  each  indididual 
link,  the  less  will  be  the  number  of  welds, 
and  the  cheaper  the  resulting  chain  in  first  cost 
It  is  sometimes  claimed  that  each  weld  is  a 
source  of  weakness,  and  that  the  chain  con- 
taining the  least  number  will  be  the  stronger. 
This  is  not  true,  for  the  longer  the  link,  the 
greater  will  become  the  knuckling  action  at 
the  ends  when  going  over  sheaves  and  pul- 
leys, and  the  larger  the  sheaves  must  be  if  the 
chain  is  to  work  upon  them  without  undue 
wear. 


THE  following  rule  is  a  good  method  for  de- 
termining the  safe  working  load  of  a  chain; 
/)  ^=  diameter    of  iron  in    eighths    of   an 
inch;  Z)- X  o.iii  =  safe    load    in    tons.       This 
gives    for    a    i'4-in.    chain    a   working   load    of 
6X6X0111  =  3.996  tons. 
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FOR  removing  sand  from  small  brass  cast- 
ings, hydrochloric  acid  one  part  and  water 
ten  parts  makes  about  the   best  solution 
that  is  used  in  ordinary  practice. 


Music  is  playing  an  important  part  in  the 
digging  of  the  Isthmian  Canal.  Laborers 
from  the  West  Indies  are  all  accustomed  to 
sing  as  thej-  work,  and  bosses  who  are  capable 
of  leading  a  chorus  have  much  greater  success 
than  men  who  do  not  have  that  faculty. — 
A'.  }\  Times. 

With  a  Central  America  stage  setting,  attractively 
semi-nude  natives  in  the  background  and  the  principals 
dancing  a  May-pole  dance  with  streamers  of  red  tape,  it 
only  needed  a  dash  of  music  to  give  the  finishing  comic 
opera  touch. 


It  is  said  that  the  United  Steel  Corpora- 
tion contemplates  the  installment  of  air  com- 
pressors on  all  of  its  big  steamers.  The 
air  compressor  has  become  an  important  part 
of  all  wrecking  outfits,  since  the  advent  of  the 
steel  steamer  with  a  double  bottom,  and  the 
big  steel  corporation  last  fall  had  several  op- 
portunities for  the  prompt  use  of  compressed 
air  in  forcing  the  water  out  of  the  bottom 
compartment. 


The  Rix  Compressed  Air  and  Drill  Com- 
pany. San  Francisco.  E.  A.  Rix,  manager,  has 
established  itself  temporarily  in  Grass  \'alley. 
where  arrangements  have  been  made  with  the 
Taylor  Fountlry  and  Engineering  Company  to 
allow  the  Rix  men  to  work  in  the  shops  on 
both  old  and  new  work  and  on  drills.  Certain 
machinery  in  the  Ri.x  shops  in  San  Francisco 
was  destroyed  bj'  fire,  and  is  being  rebuilt  at 
Grass  Vallev. 


The  Traylor  Engineering  Company  has  re- 
cently received  orders  for  two  blast  furnaces 
from  clients  in  the  Northwest.  The  size  of 
these  furnaces  is  46"  x  255".  They  are  to  be 
equipped  with  the  Giroux  Hot  Blast  Top  which 
utilizes  heat  which  is  usually  lost  in  the  or- 
dinary blast  furnace  practice.  The  use  of  this 
equipment  reduces  the  coke  charge  ordinarily 
used  from  three  to  six  per  cent.,  according  to 
the  amount  of  sulphur  in  the  ore  The  com- 
pany has  an  order  for  two  other  furnaces  for 
British  Columb'a,  46"  x  204".  and  another 
order  for  two  furnaces  for  a  Mexican  Com- 
pany, each  42"  x  160",  and  another  for  a  Xew 
Jersey  Copper  Refinery  42"  x  60".  In  fact 
their  works  are  so  completely  flooded  with 
work  that  they  are  working  night  and  day. 
Their  foundry  department  is  particularly 
crowded.  They  are  turning  out  from  .^o  to  ao 
tons  of  castings  daily,  and  as  soon  as  their 
new  addition  to  the  foundry  is  completed,  will 
have  a  capacity  of  75  tons  of  cstings  daily. 
The}'  expect  to  have  the  addition  in  full  oper- 
ation on  or  before  .-Kugust  15th. 


Xow  navigation  is  made  more  safe  by  ring- 
ing a  bell  placed  under  a  lightship  or  light- 
house— the  ringing  done  at  will  by  means  of 
a  tube  carrying  compressed  air.  The  water, 
being  a  better  conductor  of  sound  than  air. 
carries  to  a  great  distance  and  the  ship  is 
fitted  with  a  microphone  standing  in  a  closed 
vessel  of  water  next  the  keel.  A  wire  from 
the  vessel  leads  on  deck  and  is  connected  with 
a  common  telephone  receiver — the  whole  giv- 
ing distinct  sounds  independent  of  atmospheric 
conditions  at  marvelous  distances.  Thus  the 
sea  as  well  as  the  air  is  made  the  medium  of 
wireless  telegraphy  and  another  great  advance 
is  put  upon  firm  foundations  promising  in- 
creasing usefulness. 


Compressed  air  employed  as  motive  power 
in  collieries  at  a  distance  fiom  the  shaft  bot- 
tom is  theoretically  less  efficient  than  elec- 
tric transmission,  on  account  of  the  thermo- 
dynamic loss  of  available  energy.  There  is 
often  a  large  leakage  of  air  in  long  pipes.  One 
of  the  chief  advantages  arising  from  the  em- 
ployment of  compressed  air-plants  in  coal 
mines  is  security  from  dangerous  accidents. 
— Inland  Operator. 

They  don't  know  anything  about  theoretical  effi- 
ciencies in  coal  mines;  only  bank  efficiencies  count. 
Compressed  air  is  employed  first  of  all  because  it 
pays;  second,  because  nothing  else  will  do  its  work; 
third,  because  it  is  always  to  be  depended  upon; 
fourth,  because  there  is  so  little  loss  in  transmission 
or  by  leakage:  fifth,  because  the  air  is  a  good  thing 
in  itself:  last,  but  not  least,  because  it  is  a  preven- 
tive rather  than  a  cause  of  dangerous  accidents. 


The  German  Railroad  Union  offers  Ki.ery 
four  years  prizes  for  improvements  in  rail- 
road appliances  and  methods.  This  year  7.500 
marks  are  offered  as  first  prize.  3.000  as  second 
and  1.500  as  third  for  inventions  and  improve- 
ments affecting  the  construction  and  mainten- 
ance of  the  railroads,  the  same  for  those  af- 
fecting rolling  stock  ;  and  a  first  prize  of  3.000 
marks  and  two  prizes  of  1,500  marks  each  for 
improvements  in  administration  methods,  oper- 
ation and  statistics  and  for  publications  of 
notable  value.  The  Union  suggests  some  of 
the  subjects  which  are  felt  to  need  improve- 
ment, though  the  prizes  will  not  be  confined 
to  these.  Among  these  suggestions  are:  Me- 
chanical apparatus  for  firing  locomotives;  im- 
provement of  steam  car-heating  apparatus,  es- 
pecially for  long  trains  ;  hose  coupling  for  air- 
brakes, in  which  cut-off  cocks  may  h?  dis- 
pensed with,  without  affecting  the  automatic 
working  when  trains  break  in  two;  apparatus 
for  communication  between  trainmen  and  the 
locomotive,  especially  for  long  passenger  and 
frei'jht  trains  without  continuous  brakes,  and 
also  in  passing  through  tunnels  ;  a  critical  con- 
sideration of  the  present  condition  of  the 
motor-car  question,  anrl  of  the  running  of  light 
trains  either  by  motor-cars  or  locomotives; 
simplification  of  the  methods  of  dividing  re- 
ceipts from  freight  passing  over  more  than  one 
line,  and  of  other  freight  accounting.  The  ob- 
jects competing  must  have  been  put  into  use 
(or  the  writings  published)    between  July   16, 
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1901.  and  July  15,  1907.  Any  such  improve- 
ment must  be  in  use  on  some  railroad  of  the 
Union  and  be  approved  by  such  railroad.  The 
applications  for  competition  must  be  made  be- 
tween January  i  and  July  15,  IQO?- 


At  the  twenty-first  ordinary  meeting  of  the 
Society  of  Arts,  held  recently,  Prof.  Thomas 
Oliver,  physician  at  the  Royal  Infirmary,  and 
professor  of  physiology  at  the  College  of  Med- 
icine, Newcastle-on-Tyne.  England,  read  a 
paper,  illustrated  by  lantern  slides,  on  "Bridge 
Building  by  Means  of  Caissons."'  with  special 
reference  to  a  modern  disease  called  "com- 
pressed air  illness." 

Describing  in  detail  caissons  and  the  work 
carried  on  by  their  use.  the  lecturer  explained 
how  the  compressed  air  and  other  conditions 
aflfected  the  workmen,  and  produced  the  mal- 
ady referred  to,  and  in  his  conclusions  he 
urged  the  absolute  necessity  of  a  shortening  of 
the  shifts,  and  of  the  length  of  time  spent  by 
the  men  in  the  caissons  as  the  air  pressure  is 
increased. 

Experience,  he  added,  had  shown  that  young 
men  between  the  ages  of  20  and  30.  who  were 
temperate,  whose  tissues  were  still  elastic,  men 
who  were  of  spare  rather  than  of  stout  build, 
not  only  did  the  work  better,  but  w-ere  not  so 
liable  to  caisson  disease. 


The  London  Tribune  states  that  the  suc- 
cessful use  of  liquid  air  as  a  cooling  agent  has 
depended  to  a  great  extent  on  Sir  James  De- 
war's  admirable  device  of  vacuum  vessels. 

Liquid  air  boils  at  about  200  degrees  Cen- 
tigrade below  zero.  Thus,  ordinary  surround- 
ings in  a  room  are  very  hot  compared  with 
it,  and  if  this  heat  is  allowed  to  get  access  to 
the  liquid  air,  it  will  rapidly  boil  away,  and 
be  dissipated.  The  problem  is,  therefore,  to 
construct  a  vessel  which  shall,  as  far  as  pos- 
sible, prevent  conduction  of  heat  to  the  liquid 
within.  This  can  in  some  measure  be  accom- 
plished by  woolen  wrappings  and  by  glass  ves- 
sels with  several  successive  walls.  But.  as 
Sir  James  Dewar  showed  in  the  early  days  of 
liquid  air.  a  space  exhausted  of  air  to  the  ut- 
termost forms  a  far  better  partition  than  any 
material  substance.  Radiant  heat  can,  of 
course,  pass  through  the  best  vacuum — and  it 
is  well  that  it  can,  for  otherwise  we  should  re- 
ceive no  heat  from  the  sun.  This  fact  makes 
the  complete  heat  insulation  of  liquid  air  im- 
practicable.    But  a  vacuum  partition  prevents 


the  passage  of  heat  by  conduction,  or  by  air 
currents,  and  these  are  the  causes  which  chiefly 
contribute  to  the  loss  of  liquid  air  when  kept 
in  an  ordinary  vessel.  In  order  to  jacket 
liquid  air  with  a  vacuum,  it  is  necessary  to 
put  it  in  a  double-walled  vessel,  all  air  being 
pumped  out  from  the  space  between  the  walls. 
Up  till  recently  these  double-walled  vessels 
have  been  made  of  glass,  in  the  form  of  two 
concentric  globes,  united  at  the  neck,  so  as  to 
have  an  air-tight  space  between  them.  This 
space  can  be  exhausted  and  hermetically 
sealed.  Liquid  air  can  then  be  kept  in  the 
inner  globe.  Ingenious  and  useful  though 
these  vessels  are.  their  use  is  attended  with 
considerable    inconveniences. 

Sir  James  Dewar  has  just  shown  how 
these  objections  may  be  overcome  by 
the  use  of  metal  vessels  in  place  of  glass 
ones.  This  may  seem  a  simple  and  obvious 
step,  but  is  not  by  any  means  so.  The  great 
difficulty  in  the  use  of  metal  is  to  get  a  good 
vacuum  in  the  space  between  the  walls.  Al- 
most all  metals  contain  a  certain  amount  of 
gas  locked  up  in  their  pores,  and  this  they 
slowly  give  out,  spoiling  the  vacuum  thereby. 
None  but  the  verj-  best  vacuum  is  of  any  use 
for  the  purpose,  and  the  extraction  of  every 
trace  of  gas  out  of  the  pores  of  the  metal  by 
an  air-pump  is  an  interminable  process.  To 
overcome  this  difficulty.  Sir  James  Dewar  has 
made  use  of  the  property  of  charcoal  which 
he  discovered — its  power  of  completely  absorb- 
ing gases  at  low  temperatures.  A  few  frag- 
ments of  charcoal  are  placed  in  the  hollow 
space  between  the  walls  of  the  vessel ;  as  soon 
as  liquid  air  is  poured  in,  this  charcoal  gets 
cooled  to  a  very  low  temperature,  and  ab- 
sorbs any  residual  gases  in  the  space  between 
the  walls.  The  vacuum  soon  becomes  good, 
and  for  preservation  of  liquid  air  these  ves- 
sels are  not   inferior  to  the  glass  ones. 


The  points  in  favor  of  compressed  air  are: 
Immunity  from  danger ;  simplicity  of  working ; 
assistance  to  ventilation.  The  quantity  of  air 
given  to  aid  ventilation,  however,  is  very  small 
as  compared  with  the  volume  of  air  needed. 
In  the  use  of  compressed  air  there  is  no  dan- 
ger of  sparking,  or  cables  being  cut,  as  in 
electric  transmission  lines. — Euginccring  and 
Mining  Journal. 
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821.041.  REPAIR-PLUG  FOR  PNEUMATIC  TIRES. 
Ralph  P.  Kinney,  Cleveland,  Ohio.  Filed  Oct. 
20,   1905.     Serial  No.  283,586. 

821,299.  .AIR-COMPRESSOR  .AND  THE  LIKE. 
-Xlphonse  J.  Lavoie,  Toronto,  Canada.  Filed 
March  2,   1905.     Serial  No.  248,075. 


Claim. —  I.  In  a  device  of  the  class  described,  in 
combination,  a  cylinder  having  an  open  end,  an  an- 
nularly-arranged  outlet-port,  a  water-jacket  surround- 
ing said  cylinder,  and  inlet  and  outlet  passages  at  op- 
posite sides  of  said  water-jacket,  said  jacket  having 
ingress  and  egress  ports,  a  head,  having  a  centrally- 
disposed  boss  closing  said  open  end,  an  annular  parti- 
tion surrounding  and  forming  with  said  boss  an  an- 
nular inlet-port  to  said  cylinder,  a  vertically-disposed 
partition  forming  with  the  annular  partition-chambers 
to  register  with  said  passages,  and  annular  inlet  and 
outlet  valves  mounted  in  said  head  as  and  for  the 
purpose  specified. 

821,325.  BE.ARING  I-OR  ROCK-DRILLS.  Thomas 
E.  -Adams,  Cleveland,  Ohio.  Filed  June  7,  1905. 
Serial  No.  264,132. 

821,399.  HOISTING-CRANE.  Milford  F.  Herry, 
Fay,  N.  Y.  Filed  Dec.  23,  1904.  Serial  No. 
238.132. 

Claim. — In  a  crane,  a  mast  having  a  lower  pivot,  an 
upper  socket  member  secured  to  the  mast,  a  pivot-rod 
extending  within  said  socket  member  and  provided 
with  bifurcated  arms,  a  support  for  receiving  the  ends 
of  said  arms,  guiding-sheaves  mounted  on  the  l)i fur- 
cated arms,  a  crane-arm  also  having  guiding-sheaves, 
a  hoisting-cable  guided  by  the  several  sheaves,  a  sta- 
tionary operating-cylinder,  a  piston  disposed  in  said 
cylinder,  a  piston-rod,  and  means  for  connecting  the 
cable  to  the  piston-rod. 
821,415.     SAND-P.LAST  MACHINE.     Charles  A.  P. 

Hess,  Paris,  France.     Filed   Feb.    10,   1904.     Serial 

No.   192,928. 


Claim. —  I.      In    a    sand-blasting    machine,    a    mixing- 
chamber   divided   by   a   longitudinal   partition    into   two 
compartments,  a  projecting  nozzle  secured  to  the  cham- 
ber  and   provided    with   a   partition    in    alinement    with 
the   partition    of   the   chamber,    and   means    for    forcing 
air  and  sand  into  the  compartments  of  said  chamber. 
821,418.  AUTOMATICALLV-REGl'LATED  LIOUID 
RHEOSTAT     OPERATED      UY     .MEANb"    OF 
COMPRESSED  AIR.     Coloman  de  Kando,  Buda- 
pest,  .Austria-Hungary,   assignor   to    Railway    Elec- 
tric   Power    Company,    a    Corporation    of    Maine. 
Filed    Nov.    27,    1903.      Serial    No.    182,700. 


Claim. —  I.  -A  liquid  rheostat  combined  with  a  sup- 
ply of  compressed  air,  a  throttle-valve  between  said 
compressed-air  supply  and  said  rheostat  adapted  to 
control  the  supply  of  compressed  air  to  the  rheostat; 
said  valve  being  controlled  by  the  combined  action  of 
the  electric  current  flowing  through  said  rheostat  and 
compressed-air   pressure. 

821,524.      PNEUMATIC    CONCRETE    STEEL   CAR- 
BUMPER.        Thomas      McCormick,      .Somerville, 
^iass.     Filed  Dec.   11,   1905.     Serial  No.  291,353. 
821,563.       GAS-PUMP.       Richard    Whitaker,     New 
]5runswick,    N.    J.,   assignor,    by   direct   and   mesne 
assignments,     to     Brunswick     Refrigerating     Com- 
pany, a  Corporation  of  New  Jersey.     Original  ap- 
plication  filed  Jan.    11,    1904.      Serial   No.    188,612. 
Divided    and    this    application    filed    Jan.    5,    1905. 
-Serial    No.    239,723. 
821,568.      PNEUM.ATIC    ACTION    FOR    MUSICAL 
INSTRUMENTS.     Frederick  W.   Wood.   Kan.sas 
City,     Mo.       Filed    June     13,     1905.       Serial     No. 
265,111. 
821,574.      FLUID-PRESSURE    REGULATOR.    Alex- 
ander  .\ndrews,    Carbondalc,    III.      Filed    Aug.    3, 
1905.     .Serial   No.   272,564. 
821,584.     PNEUMATIC  ST.\CKER  AND  STACKER 
ATTACHMENTS       FOR      THRESHING      M.\- 
CTIINE.S.    .Sami.'el  D.  I'elsing,  Crookstoii,  Minn., 
assignor  to  The  Indiana  .Manufacturing  Company, 
Indianapolis,    Ind.,    a    Corporation    of    West    \'ir- 
ginia.     Filed  -Aug.   15,   1904.     Serial  No.  220,788. 
Claim. — I.      In    pneumatic    stacker    attachments    for 
threshing-machines,    the   combination    with   the   stacker- 
frame    and    with    the    fan,    hopper    and    delivery-chute 
mounted  thereon,  of  means  for  contu-cting  the  stacker- 
frame    to    threshers,    said    connecting   means    being   ad- 
justable in  accordance  with  the  different  widths  of  the 
threshers,    substantially    as    described. 
821,663.     FLUID-PRESSURE  CYLINDER.     Thomas 
J.    Mitchell.    Connellsvillc,    Pa.      Filed    .Sept.    13, 
1902.     Serial   No.    123,357. 
821,672.     AUTOMATIC     CONTROLLER     FOR 
.MOTOR-COMPRESSORS.    Walter  J.   Richards. 
Milwaukee.    Wis.      Filed    March    9,    1904-      Serial 
No.    197. 3'7- 
821,677.       LIQUID-IMPELLING     APPARTATU.S. 
Danville  W.  Starrett.  Oakland,  Cal.     Filed  June 
12,    1903.      Renewed    Nov.    20,    1905.      .Serial    No. 
288,273. 
Claim. — In   a   lif|uiil-impelling   apparatus,   a   receiver, 
a    check-valve   admitting   the    liquid    to   the    receiver,    a 
liquid-discharge   |>ipe    from    the    receiver,    a   check-valve 
between    them,    a    compressed-air    t)ipe    having    sviiaratc 
communications  with    the   receiver  and   with   the   liquid- 
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discharge  pipe,  and  means  for  producing  alternately 
positive  and  negative  pressures  in  the  compressed-air 
pipe,   substantially  as  described. 

821,706.  EL.ASTIC-FLUID  TURBINE.  Ch.\rles  G. 
Curtis.  New  York,  N.  V.,  assignor,  by  mesne  as- 
sienments,  to  General  Electric  Company,  a  Cor- 
poration of  New  York.  Filed  May  14-  1903- 
Serial  No.  157,067. 
8-1  72-.  STRIKING-DAG  OR  OTHER  FLUID- 
RECEPTACLE.  Clarexce  a.  Linds.w,  New 
York,  N.  Y.  Filed  June  24,  1905.  Serial  No. 
266,834. 
821.747.  CONTROLLING  APPARATUS.  Walter  J. 
Richards,  Milwaukee,  Wis.  Filed  July  2,  1903. 
Serial   No.    164,085.  , 

Cliiiw. — In  combination,  an  electric  motor,  a  fluid- 
pumj)  driven  thereby,  a  pressure  system  supplied  by 
said  pump,  switching  means  controlled  by  the  pressure 
in  said  system  to  govern  the  circuit  for  said  motor, 
and  electrical  means  for  preventing  the  operation  of 
the  suction-valve  of  said  pump  upon  the  closure  of  the 
circuit  through  said  motor. 

821,758.  VALVE.  Frank  L.  Smith,  Chicago,  111., 
assignor  of  two-thirds  to  Alva  C.  Ricksecker  and 
one-third  to  Lewis  A.  Nichols,  Chicago,  111.  Filed 
July  18,  1904.  Serial  No.  216,935. 
821,776.  MEANS  FOR  REMO\'ING  DUST.  Carl 
F.  W.  ZoELLER,  Altona-Ottensen,  Germany,  as- 
signor to  The  Firm  of  Alfred  Gutmann  Actien 
Gesellschaft  fiir  Maschinenbau.  Altona-Ottensen, 
Germany.  Filed  June  28,  1905.  Serial  No. 
267,420. 
821,791.  MOLDING-MACHINE.  William  M.  Dux- 
can,  -Alton,  111.  Filed  March  13,  1905.  Serial 
No.  249,886. 


821,806.  PNEUMATIC  SURF-HOARD.  Albert  S. 
Johnston,  Los  Angeles,  Cal.  Filed  May  19,  1905. 
.Serial   No.   261,206. 

821.858.  I'NEUM.VriC  TIRE.  Hans  L.  Christl\n- 
SEN,  lioston,  Mass.,  assignor  of  one-third  to 
Harald  Tidemand  and  one-third  to  Ole  Worm 
Dahl,  I'.oston,  Mass.  Filed  May  24,  1905.  .Serial 
No.    261,933- 

821.859.  AUTOMATIC  .MR-BRAKE  CONTROLLER. 
Thomas    Clecc,    Winnipeg,    Canada,    assignor    of 


one-third    to    Alexander    McKinny    and    one-third 
to    Robert    Andrew    Bonnar,    Winnipeg,     Canada. 
Filed  Nov.  20,   1905.     Serial  No.  288,285. 
Claim. — In   an    automatic   air-brake   controller,   a   cy- 
lindrical   casing    having    threaded    ends    and    an    inter- 
mediate  contracted   portion    providing   an    interior    an- 
nular    shoulder,     a     valve-seat     resting     against     said 
shoulder    and    having    a    beveled    inner    face,    and    a 
spring-pressed   valve    having   a   correspondingly-beveled 
edge  and  a  by-pass,   substantially  as  described. 
821,870.      REGULATOR    FOR    AIR-PUMPS.      Wil- 
HELM    Hildebrand,    Gross-Lichtcrfclde,    near    Ber- 
lin,   Germany.      Filed    June    6,    1905.      Serial    No. 
263,964. 
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321,917.       PNEUMATIC    ACTION    FOR    PIANOS. 

Alfred    .\xderson,    Chicago,    111.      Filed    Aug.    24, 

1904.     Serial  No.   221,941. 
321,926.      .MR-COMPRESSOR.      Harry    B.    Cornish, 

Minneapolis,    Minn.,    assignor   of   two-thirds   to    P. 

Peterson,    Glenwood,    Minn.      Filed    Feb.    2,    1905. 

Serial   No.    243,799. 


Claim. — The  combination,  with  a  casing  having  in- 
take and  exhaust  ports  arranged  one  above  another 
and  intake  and  exhaust  valves,  said  intake-valve  being 
normally  open  and  said  exhaust-valve  closed,  and  said 
valves  having  a  rod  or  stem,  of  a  diaphragm  within 
said  casing  above  said  valves  and  having  an  opening 
to  receive  said  rod,  means  interposed  between  said 
diaphragm  and  the  upper  free  end  of  said  rod  for 
raising  said  rod  to  close  said  intake-valve  and  open 
the  exhaust,  and  a  spring  put  under  tension  by  the 
initial  movement  of  said  diaphragm  to  aid  in  seating 
said  intake-valve,  substantially  as  described. 
821,960.  PNEUMATIC-MOTOR  TOOL-STOCK. 
Frederick  W.  Parsons,  Tarrytown,  N.  Y,  Filed 
Jan.   7,   1905.     Serial   No.  240,013. 


Claim. — In  a  pneumatic-motor  tool-stock,  the  com- 
bination of  a  casing  having  a  motor  secured  to  one 
of   its   heads,   admission    and   exhaust   passages   leading 
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from  the  motor  through  the  head  and  down  the  shell 
of  the  casing  to  a  chambered  boss  formed  thereon,  a 
throttle-valve  in  said  chamber,  a  sleeve  through  which 
air  is  admitted  to  the  valve,  said  sleeve  acting  as  one 
of  the  handles  of  the  tool-stock,  and  means  on  said 
sleeve  for  shifting  the  valve  to  shut  off  or  change 
the  direction  of  flow  through  the  said  passages. 

822,021.  TIRE  FOR  \EHICLES  AND  THE  PRO- 
CESS OV  MAKING  THE  SAME.  Thomas  C. 
S.^XDERsox,  West  New  Brighton,  N,  Y.  Eiled 
July   14,   1905.     Serial  Xo.  269,574. 

822,073.  AIR-BRAKE  SYSTE^I.  Arthur  I.  Perry. 
New  York,  X.  Y,  Filed  May  26,  tgoj.  Serial 
Xo.    262,363. 


Claim. — In  an  air-brake  system,  the  combination 
with  a  supply-pipe  and  a  controlling-pipe,  of  a  source 
of  pressure  connected  with  the  supply-pipe,  primary 
and  secondary  controlling-valves  connected  with  the 
supply-nipe  and  controlling-pipe,  said  secondary  con- 
trolling-valve comprising  a  piston-valve  which  may  be 
simultaneously  subjected  to  the  influence  of  the  pres- 
sure in  the  supply  and  controlling  pipes  and  check- 
valves  for  closing  the  supply-pipe  and  controlling-pipe, 
and  a  brake-cylinder  communicating  with  the  second- 
ary controlling-valve. 

822,146.  PXEUMATIC  HAMMER.  Edw.ard  C. 
Meissner,  St.  Louis,  ilo.,  assignor,  by  mesne  as- 
signments, to  Chicago  Pneumatic  Tool  Company, 
a  Corporation  of  Xew  Jersey.  Filed  Xov.  12, 
1900.      Serial.  Xo.   36,212. 


Claim. — In  apparatus  of  the  class  described,  a  cas- 
ing, an  arbor  rotatably  mounted  in  and  extended 
through  one  end  thereof,  a  pair  of  oscillating  cylinders 
each  having  a  piston,  a  combined  trunnion  and  valve 
structure  suoported  within  the  casing  and  on  which 
the  cylinders  are  mounted  side  by  side,  at  their  ends, 
two  separate  crank-shafts  operat'ively  connected  with 
the  pistons  and  mounted  in  alinem'ent,  a  pinion  on 
each  crank-shaft,  and  a  gear  operatively  connected  with 
the  arbor  and  with  wh:ch  said  pinions  mesh  at  dia- 
metrically  opposite   points. 


822,520.  -MR-BRAKE.  Ed  A.  Graves,  Randolph,  X. 
Y.  Filed  Feb.  8,  1906.  Serial  Xo.  300,193. 
Claim. — The  combination  with  train  pipes  or  hose 
having  coacting  couplings  upon  their  adjacent  ends,  of 
stop-cocks  or  valves  arranged  in  said  pipes,  operating 
elements  upon  said  valves,  and  a  connection  between 
one  of  said  pipes  and  the  operating  element  of  the 
valve  in  the  other,   substantially  as  described. 

822,596.  ROCK-DRILL.  Arthur  H.  Gibsox,  Easton, 
Pa.,  assignor  to  Ingersoll-Rand  Company,  Xew 
York,  X.  Y.,  a  Corporation  of  Xew  Jersey]  Filed 
Dec.  21,   1905.     Serial  Xo.  292,756. 
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Claim. — A  pneumatic  hammer  comprising  a  cylinder 
having  ports  for  the  admission  and  escape  of  air,  a 
piston  in  said  cylinder,  and  a  valve  for  controlling  the 
admission  and  release  of  air,  said  cylinder  having  a 
supplemental  exhaust-port  located  in  the  forward  por- 
tion thereof  in  position  to  be  uncovered  by  the  pis- 
ton shortly  after  the  initiation  of  its  return  movement 
and  before  the  completion  of  such  return  movement, 
substantially   as   described. 

822,220.    machixe    for    blowing   hollow 

GLASS   .\RTICLES.      Cornelius  J.    Xolax,    To- 
ledo,   Ohio.      Filed    Oct.    29,    1904.      Serial    Xo. 
230,566. 

Claim. — In  a  glass-blowing  machine,  the  combination 
of  an  air-conduit  leading  to  the  article  to  be  blown, 
of  an  air-valve  in  said  conduit,  and  means  for  open- 
ing and  closing  the  same  to  admit  a  limited  quantity 
of  air,  and  means  for  subsequently  opening  the  valve 
for  blowing  purposes,   for  the  purpose  described. 

822,223.  AUTO^r.\TIC  COXTROLLER  FOR  PRES- 
SURE SYSTEMS.  Waltkr  J.  Richaros,  Mil- 
waukee, Wis.  Original  application  filed  March  9, 
1904.  Serial  Xo.  197,317.  Divided  and  this  ap- 
plication filed  April   6,    1905.     Serial   No.   254,256. 

«22,367.  PXEUMATIC  DRILL.  Adelbert  P.  Hans- 
coM,  Maiden,  Mass.  Filed  .\ug.  27,  1903.  .Serial 
No.    170,893. 


Claim. — .\  tool-piston  liaving  a  front  rod  and  a  tail- 
rod,  a  cylinder  having  a  tail-rod  chamber,  pipes  for 
feeding  rnotive  fluid  alternately  to  the  opposite  sides 
of  the  piston  and  a  single  means  for  bringing  the 
tail-rod  chamber  into  open  communication  with  one 
of    said    pipes    or    the    atmosphere   at    pleasure. 

822,597.  CHANXELING-MACHINE.  .\rthur  II. 
Gibson,  Easton,  Pa.,  assignor  to  Ingersoll-Rand 
Company,  Xew  York,  X.  Y.,  a  Corporation  of 
Xew    Jersey.      Filed    Feb.     14,    1906.      Serial    No. 

301,013. 


Claim. —  .\  tool-cylinder  having  piston-chambers 
therein,  a  piston  having  heads  in  said  chambers,  air- 
feetiing  tubes,  said  cylinder  having  front  and  back 
ports  for  the  two  chambers  ciuniminicatiiiK  with  their 
respective  tubes,  and  an  auxiliary  back  nort  for  tmc 
chamber  comnninicating  with  the  tube  other  than  the 
one  with  which  the  other  hack  port  communicates  anci 
a  valve  for  opening  and  closing  said  auxiliary  back 
port. 

822,645.  -MR-GU.V.  Waltkr  R.  Hex^iamin,  Granite 
City,  111.    I'iled  .\ug.  24,   1905,    .Serial  No.  275,582. 

822,689.  AIR-COMPRESSOR.  Bryan  Obeab,  St. 
Louis,  Mo.,  assignor  to  Montague  Compressed  .\ir 
Company  of  Missouri,   St.   Louis,   Mo.,  a  Corpora- 
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tion  of  Missouri.     Filed  Nov 
234.615- 


28,  1904.     Serial  No. 


Claim. — The    combination    with    a    compression-tank 
and    valve    controlling    the    admission    to    and    exhaust 
therefrom   of  the  motive  fluid,   of  a  float   in   the  tank, 
a    piston    connected    to    the    controlling-valves,    and    a 
weighted   valve   in   the   path   of   movement   of   the   float 
and  arranged  to  first  engage  and  initially  lift  the   pis- 
ton and  afterward  admit  beneath  the  same  compressed 
air  from  the  tank;   substantially  as  described. 
822,747.      AIR-BRAKE.      George    E.    M.\rch,    Muske- 
gon  Heights.    Mich.,   assignor  of  one-half  to   Law- 
rence   G.    Sweningston,    Muskegon,    Mich.      Filed 
April  20,   1905.     Serial   No.  256,573. 
823,023.       AIR-BRAKE     APPARATUS.       Henry     F. 
BiCKEL,    Plainfield,    N.    J.,    assignor   to    New    York 
Air    Brake   Company,   a   Corporation   of    New   Jer- 
sey.     Filed   Nov.   6,    1905.      Serial  No.   286,098. 
Claim. — The  combination  with  an  automatic  air-brake 
apparatus;    of    means    responsive    to    flow    of    air    into 
the  train-pipe  in  the  release  operation  for  delaying  the 
discharge  of  air  from  the  brake-cylinder  of  one  of  the 
brake   equipments,    substantially   as   described. 
823,048.     AIR-BRAKE.     John   P.  Kelly,  Watertown, 
N.  Y.,  assignor  to  New  York  Air  Brake  Company, 
a  Corporation  of  New  York.     Filed  Feb.   12,   1904. 
Serial    No.    193.279. 


823,0^9. 
Ci( 


ROCK-DRILL.  Edward  Leichter,  Nevada 
'ity,  Cal.,  assignor  of  one-fourth  to  John  Bender, 
Hamilton,  Ohio,  and  one-fourth  to  J.  C.  Camp- 
bell, Nevada  City,  Cal.  Filed  May  20,  1905. 
Serial  No.  261,294. 
Claim. — In  a  rock-drill,  the  combination,  substan- 
tially as  set  forth,  of  a  shell,  means  for  turning  and 
advancing  said  shell,  a  cylinder  within  the  shell,  a 
fluid-actuated  piston  reciprocating  within  the  cylinder, 
a  chuck-body  separably  disposed  within  the  forward 
end  of  the  shell  and  having  a  chambered  portion  within 
the  shell,  and  a  bushing  secured  in  the  forward  end 
of  the  shell  and  serving  to  retain  the  chuck-body 
therein. 

823,060.  COMPOUND  FLUID-PRESSURE  MOTOR. 
Joseph  P.  Magney  and  William  H.  Masterman, 
Los  .Angeles.  Cal..  Frederick  R.  Kellogg  adminis- 
trator of  said  Masterman,  deceased,  assignors  to 
National  Engine  Company,  Los  Angeles,  Cal.,  a 
Corporation  of  .Arizona.  Filed  Aug.  i,  1905. 
Serial    No.    272,162. 

10?.  PRESSURE-ACTUATED  \'.\LVE-GEAR. 
William  H.  Collier,  Jackson,  Tenn.  Filed 
March  31,   1904.     .Serial   No.   201,023. 

823,114.      TRAIN    SIGNALING    SYSTEM. 
Gerard,    Gainesville,    Tex.      Filed    July    3 
Serial    No.    167,792. 
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523,156.  FLUID-COMPRESSOR.  Niels  A.  Chris- 
tensen,  Milwaukee,  Wis.  Original  application 
filed  -Sept.  9,  1899.  Serial  No.  729,9^7.  Divided 
and  this  application  filed  Dec.  11,  1899.  Serial 
No.    739,900. 


Claim. — A  compressor  comprising  a  casing,  a  plu- 
rality of  cylinders  therein  having  pistons,  such  casing 
having  a  false  bottom  forming  a  cooling-chamber  in- 
tegral with  said  casing  and  each  of  said  cylinders  hav- 
ing independent  and  valve-governed  suction  and  dis- 
charge passages,  a  series  of  independently-removable 
covers  for  said  chambers  provided  with  passages  for 
the  inlet  and  exit  of  the  fluid  under  pressure,  and  in- 
dependent cooling-coils  located  in  said  cooling-chamber 
and  connected  at  their  ends  with  said  passages  in  the 
removable  covers. 

823,185.  AIR-VALVE  FOR  GAS-ENGINES.  Reu- 
ben Miller,  Jr..  Pittsburg,  Pa.,  assignor  of  one- 
half  to  D.  W."  Dunlevy,  Pittsburg,  Pa.  Filed  Jan. 
27,   1905.     Serial  No.  242,945. 

823,210.  TURBINE-MOTOR.  N.-^than  W.  Fletcher, 
Chicago  Heights,  III.,  assignor  to  Turbine  Motor 
Tool  Company,  Chicago,  HI.,  a  Corporation  of 
Illinois.     Filed  April  27,  1904.     Serial  No.  205,098. 

823,273.  FLUID-PRESSURE  RIVETING -MA- 
CHINE.     Elmer    E.    Hanna.    Chicago,    111.      Filed 


May   15, 


Serial   No 


Joseph 
1903. 


Claim. — In  a  riveting-machine,  the  combination  with 
a  supporting-frame  having  a  sliding  plunger  therein, 
of  means  for  moving  said  plunger  at  a  relatively 
rapid  and  gradually-decreasing  speed  and  for  continu- 
ing the  final  movement  at  a  substantially  uniform 
speed  and  maximum  pressure,  said  means  including  a 
main  lever  fulcrumed  in  the  frame  above  the  plunger, 
a  link  connection  between  one  end  of  said  lever  and 
the  plunger,  a  link  i)ivoted  to  the  frame,  a  link  con- 
nection between  said  link  and  the  opposite  end  of  said 
lever,  and  means  for  moving  the  link  pivoted  to  the 
frame  about  its  pivot. 

823,274.  FLUID-PRESSURE  RIVETING-M.A- 
CHINE.  Elmer  E.  Hanna,  Chicago,  111.  Filed 
May  15,  1903.  Renewed  April  25,  1906.  Serial 
No.   313,680. 

823,278.      PNEUMATIC   ECONOMIZER   AND   AIR- 
INJECTOR.       Edmund     Hoxie,     Everett,     Mass. 
Filed   Dec.   17,    1904.     Serial   No.   237,259. 
Claim. — An    air-injector,    comprising    a    plurality    of 
units   arranged   in   tandem,    means   for   passing  air   un- 
der  pressure    successively    from    one    unit    to    the   next 
in   series   and   each   unit   of  said   series   having   also   an 
independent    connection    with     the    air-supply     for    in- 
creasing the   speed   of   the   air   already   in    motion,   and 
an   inwardly-ooening  check-valve   for   the  unit   or   units 
bevond  the  first  unit. 
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CHIT-CHAT 


Compressed  Air,   New  York. 

Gentlemen: — I  have  the  letter  of  your  Mr.  Hu!- 
bert  and  beg  to  thank  you  for  the  attention  shown 
my  recent  inquiries.  I  have  heard  from  two  people 
already,  and  am  very  anxious  to  hear  from  Prof. 
Lucke. 

FIRST  COPY  OF  YOUR  MAGAZINE  RE- 
CEIVED AND  I  HAVE  HAD  MY  MONEY'S 
WORTH  IF  I  NEVER  RECEIVE  ANOTHER 
COPY. 

I  enclose  list  rf)f  some  of  our  principal  operators. 
Every  one  uses  compressed  air  and  should  have  your 
valuable  magazine.  Write  them  and  send  sample  copy. 
Use  my  name  if  you  wish. 

Very   truly  yours, 

,  I'res. 

The Mining  and  Development  Co. 

*  When  we  receive  letters  such  as  this  we  naturally 
expand  with  a  justifiable  and  joyful  pride,  and,  to  be 
quite  truthful,  we  have  been  expanding  very  frequently 
of  late. 

*  We  realize,  however,  how  dangerous  it  is  to  let 
expansion  get  the  mastery,  as  a  too  rapid  and  over- 
whelming enlargement  might  very  easily  extend  to  the 
capital  regions  and  cause  plain  swelling  of   the   head. 

*  Which  would  mean  such  over-confidence  in  the 
worth  and  merit  of  COMPRESSED  AIR  that  the 
reading  pages  would  be  allowed  to  deteriorate  with  a 
balancing  booming  of  the  advertising  pages,  a  condi- 
tion which  would  be  equivalent  to  driving  a  team  of 
horses  and  economizing  by  denying  them  oats  and 
water. 


1[  We  refuse  to  be  flattered  out  of  our  sense  of 
proportion.  We  refuse  to  be  stroked  and  patted  so 
hard  that  we  lose  our  balance.  We  do  not  mean  for 
one  moment  that  we  don't  enjoy  being  told  how  good 
the    paper    is — nor   do    we    mean    to    imply    that    Mr. 

letter    is    EMPTY    flattery — the    trouble    that 

he  has  taken  in  giving  us  a  long  list  of  possible  sub- 
scribers precludes  the  intimation — but  we  do  mean 
that  words  of  encouragement  will  be  received,  joy- 
fully received  and  accepted  with  gratitude  and  used 
only  as  a  spur  to  further  us  to  better  deeds. 

*  The  advertising  pages  continue  to  show  a  healthy 
and  material  growth,  and  we  may  be  partially  excused 
for  pointing  a  happy  finger  each  month  at  the  lit- 
tle table  below,  showing  just  how  new  advertising  has 
come  in.  Since  the  May  issue  of  COMPRESSED 
AIR  the  following  concerns  have  put  their  O.  K. 
on  the  magazine  by  stretching  their  appropriations  in 
order  to  include  us  m  their  advertising  plan : 

Bury  Compressor  Co J,^  page 

Peter  A.  Frasse  &  Co '4  page 

Hanna  Engineering  Works '  ,^  page 

Sprague  Electric  Co '  _•  page 

Traylor   Engineering   Co I  page 

Sargent  Steam  Meter  Co ^  P^g* 

A.   E.    Hoermann    l/^  page 

Wm.  Powell  Co '/^  page 

Comstock  Engine  Co '4  page 

Cleveland  Pneumatic  Tool  Co.    ...  '4  page 

Total    3  *s  pages. 


FLEXIBLE 
STEEL-ARMORED 


HOSE 


O 


UR  Flexible  Steel  Armored  Hose 
has  demonstrated  its  superiority 
over  all  other  types  o^  makes  of 
protected  hose.  The  steel  armor  entire- 
ly encases  the  rubber  tubmg  and  thor- 
oughly protects  it  from  external  injury 
even  on  the  sharpest  bend.  It  also  acts 
as  a  bandage  in  case  the  rubber  lining 
becomes  damaged  hrom  over  vulcaniza- 
tion and  thus  prevents  the  loss  of  steam 
or  air  and  permits  the  drill  or  other 
machine  to  be  kept  in  use  until  it  is  con- 
venient to  replace  the  damaged  part 
with  a  new  piece. 

When  a  piece  of  hose  is  damaged  in 
one  or  two  places,  don't  throw  it  away. 
Cut  out  the  damaged  part  and  unite  the 
good  pieces  by  means  of  our  splicing 
clamp.     It  v^all  save  money. 

WRITE  FOR  COPY  OF  PAMPHLET  No.  50646 
Sprague    Electric     Company 

General  Offices : 

527  West  34th  Street,  New  York  City 
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Engineering  -  Contracting 


THIS  is  a  weekly  journal,  edited  by  Halkert 
P.  Gillette,  author  of  Handbook  of  Cost 
Data,  Earthwork  and  Its  Cost,  Rock  Excava- 
tion, etc.  The  articles  in  Engineering-Contractinc; 
form  a  sequel  to  Mr.  Gillette's  books,  being,  for  the 
most  part,  articles  on  the  methods  and  costs  of  doing 
work.  In  addition  to  these  articles,  the  contract 
news  of  the  week  is  given.  This  news  service  is 
believed  to  be  superior  in  point  of  promptness  and 
accuracy  to  the  news  in  any  other  engineering  or 
contracting  paper.  Mr.  C.  T.  Murray,  who  has  been 
in  charge  of  the  contract  news  department  of  Engi- 
neering News  until  last  December,  is  now  in  charge 
of  our  contract  news  department.  Mr.  Gillette,  who 
has  written  for  other  papers  in  the  past,  including 
Engineering  News,  will  write  only  for  the  Enginker. 
lN(;-CoNTRACTiNG  hereafter.  His  series  of  articles  on 
Cost  Keeping  on  Contract  Work,  now  running, 
should  be  read  by  every  contractor  and  engineer. 

The  Subscription  Price  of  Engineering-Contracting 
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WHY    NOT    USE 

Powell  Air  Gun  Valve? 


I'.lows  your  work  bench,  machine  tool,  in  fact  everything 
perfectly  clean.  ( )peration  is  another  case  of  "Press  The 
r.utton."     ( )rder  a  sample. 

THE  WM.  POWELL  CO.,    Cincinnati,  Ohio. 
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Established  1896. 


A  monthly  magazine  devoted  to  the  useful  applications 
of  compressed  air. 


SEPTEMBER,     1906. 


VARIATION      IN      ATMOSPHERIC 
PRESSURE  WITH    ALTITUDE. 

Written    fok   Compressed   Aik   uv    D.    W. 

Hering. 
In  practice,  a  reference  to  standard  tables 
often  suffices  for  the  engineer  at  least  for  ap- 
proximate values  of  quantities,  and  too  often 
a  first  approximation  is  as  near  the  truth  as 
he  tries  to  get,  but  a  table  at  best  gives  quan- 
tities that  depend  upon  some  one  or  more  fun- 
damental conditions,  and  is  correct  only  for 
those  conditions.  An  expert  should  know  how- 
to  derive  the  table  itself  or  the  formula  from 
which  it  is  computed,  and  how  to  vary  the 
table   with   varying   initial   conditions. 

To    determine   the    variation    in   atmospheric 
pressure  with  varying  elevation  : 

Let    AB    represent    a    prism    of 
air,   I   sq.  ft.  in  area  of  cross  sec- 
-^     tjon. 

r,  Let  Pa  ,    Da   represent  the  pres- 

I,       sure   and   density,   respectively,   of 

air  at  the  base  of  the  column. 

Let  P,  D  represent  pressure  and 
density  respectively  at  any  point, 
m. 

Let  h  represent  the  height  of 
m   above   .\. 

Conceive  the  prism  to  l)e  made 
up  of  successive  very  thin  layers, 
as  mn,  no,  op,  etc.,  of  equal  weight 
w.  and  of  variable  height  dh.  For 
A  a  given  tenperature.  the  pressure 
at  any  point  is  proportional  to  the 
density  ;  or. 


Da 

D 

Pa         I 


therefore 


(A) 


I 

D  P         Da 

For  any  stratum  of  depth  dh.  the  density 
is  S.  the  volume  in  cubic  feet  is  the  area  mul- 
tiplied by  the  height,  or   i  X  i  X  dh,   and   the 


weight     is     the     increnu-nt     of     pressure;     or 
wr=dP.      If    \v    is    pounds,    tlu-    mass    of   one 

w 
stratiun  is  .  and  tiie  (U-nsity  being  the  ratio 

of  mass   l(^   voliiiiK', 


D  =  -"     / 
g 


(I   X   I   X  dh)     whence 


w      I 
dh  =  -     - 
S       D 


(B) 


Substituting  for  w  its  value  dP  and  for  

S 
its   value   from    ( .\ )    we  have 
Pa       dP 

dli  = .  (C) 

Dag  P 


Integrating  h 


•Pa   dP 


i-a  />ra     Cir  ra  fa 

/         —  =  — Log- 

D.gJ  P        Dag  P 


h  = 


Pa 


Pa 

303 Log    — 

Dag  10   P 


(D) 


For    uniform     temperature     throughout     the 

Pa 

column,  the  factor  2.303 is  constant  with- 

Dag 

in    the    limits  of   height   for   which    g   may    be 
taken    as    constant.      Since    the    Pressure    Pa 

Pa 

here  is  in  absolute  units,   —    is    pounds,  and 
g 
P, 

by  placing  for the  pressure    in  pounds  per 

g 

I 
scpiare  foot,  and  for  —    the    volume    in    cubic 

Da 

feet  per  pound,  then  for  a  temperature  of  32^  F 
and  under  standard  barometric  pressure 

Pa 

=  26214 

Dag 

and  equation    (D)    gives 

Pa 

b  =  60360  Log, „  —    ( E) 

This  equation  gives  the  relation  between  tlie 
pressure,  P,  and  the  corresptduiing  elevation, 
h,  provided  the  air  is  at  a  temperature  of  32° 

Pa 

I*",    throughiiut.      The    ratio is     eipial     to 

P 

the  relative  barometer  heights  at  the  foot  and 

at   the  top  of  the   cohunn   of   air,   reduced    to 

standard    temperature    in    each    case,    but    the 
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height  of  the  cokinin  to  produce  either  pres- 
sure will  vary  with  the  temperature  of  the  air. 
The  column  may  be  assumed  to  have  through- 
out a  temperature  which  is  the  mean  of  that 
at  the  top  and  that  at  the  bottom  and,  if  this 
be  called  t°   F.  the  height  of  the  column  will 

461  -f  t° 

be  the  above  value  of  h  multiplied  by  

493 
or  finally,  calling  the  difference  of  elevation  in 
feet  between  two  points  H, 

461   +  t  Pa 

H  =  60360  Log  1 0 — ^^1 

493  P 

From  this  formula,  for  any  pressure  Pa 
at  a  given  station,  and  mean  temperature  t° 
of  air  column,  the  height  H  may  be  computed 
to  correspond  to  a  pressure  P,  or  conversely 
the    pressure    P    that    would    be    found    at    a 

height  H. 

Note— In  strict  accuracy  the  absolute  pressures  Pa 
and  P  whether  expressed  in  pounds  weight,  or  in  heignt 
of  column  of  mercury,  will  depend  for  their  numerical 
value  upon  the  value  of  g;  and  this  depends  on  both  the 
latitude  of  the  place  and  elevation  above  sea  level.  As- 
suming Pa  to  be  the  pressure  for  sea  level  at  43  repre- 
sented by  a  certain  height  of  mercury  co  umn  tor  the 
correct  pressure  elsewhere  the  barometer  height  would 
have  to  be  multipHed  by  (i  —  0.0026  cos  2  L  =  o  00000006  h) 
in  which  L  is  the  latitude  and  h  is  the  altitude  in  feet; 
this  factor  is  so  near  unity  as  to  be  negligible,  /oi"  ex- 
ample, at  the  Equator,  at  the  height  of  20.000  feet  the 
factor  is  .9962;  at  the  Pole,  at  sea  level,  it  is  1.0026;  the 
total  variation  therefore  between  these  extremes  is  the 
difference  of  these  quantities,  or  .0064;  that  is  less  than 
two-thirds  of  one  per  cent. 

If  in  equation  (F)  we  take  Pa  as  14-7  lbs 
per  square  inch  as  at  sea  level,  and  assume  for 
the   mean   temperature   t,   50°    F.,   the   formula 

gives 

493  H 

log  14-7  —Log  P  =  ; — - 

5 II  X  60360 

or        log  P  =  1.167317  —  .000016  H  (G) 

In  which  P  is  absolute  (not  gauge)  pressure 
in  pounds  per  square  inch,  and  H  is  feet.  This 
is  probably  as  simple  a  form  as  the  equation 
can  be  put  into.  By  assigning  values  to  H  and 
computing  P  the  second  column  of  Table  i 
was  obtained. 

The  third  and  fourth  columns  were  obtained 
from  equation  (F)  in  the  same  manner  by 
putting  35°  and  20°  instead  of  50°  for  t. 
These  can  be  represented  by  curves,  but  it  is 
readily  seen  that  a  different  curve  is  required 
for  each  temperature.  The  accompanying  dia- 
gram shows  the  curves  for  50°  and  20°. 

An  empirical  formula  given  by  William  Cox 
in  Compressed  Air  for  October,  1897,  is 

"Atmospheric  pressure,  ]  57000— N2 

[=14.7^ 

A,  at  any  elevation      J  100  000  000 


where  N  is  the  elevation  in  feet  at  which  the 
pressure  A  is  sought"  and  A  is  pounds  per 
square  inch.  This  does  not  take  account  of 
temperature  but  gives  values  agreeing  pretty 
closely  with  those  computed  above  for    350    F 


Elevation  in 

PRESSURE   IN    POUNDS    PER    SQUARE    INCH 

Mean  Temp. 

feet. 

t  =  SO" 

t  =  35°  F. 

t  =  20oF. 

0  feet 

14.7 

14.7 

14.7 

1000 

14.17 

14-15 

14.14 

2000 

13-66 

13-63 

13-59 

3000 

1316 

13.12 

1307 

4000 

12.69 

12.63 

12-57 

5000 

12.23 

12.16 

12.09 

5-'8o 

12. 1 

12.03 

II  .96 

6000 

11.78 

II. 71 

11.63 

7000 

11.36 

11.27 

II. 18 

8000 

10.95 

10.85 

10.75 

9000 

10.55 

10.45 

10-33 

1 0000 

10.17 

10.06 

9-94 

12500 

9.28 

9-15 

9.02 

15000 

8.46 

8.32 

8.18 

3;^  miles 

7-44 

7-30 

7.14 

TABLE   I. 

A  mean  temperature  of,  say  50°,  might  mean 
90°  at  the  sea  and  10°  at  the  top,  or  it  might 
mean  60°  at  sea  level  and  40°  at  the  top.  It  is 
plain  that  the  height  of  air  corresponding  to 
this  mean  temperature  and  therefore  the  height 
through  which  the  tabular  values  for  that  tem- 
perature could  apply  would  be  much  less  in  the 
latter  case  than  in  the  former.  For  a  given 
temperature  at  sea  level  the  mean  temperature 
for  a  column  1,000  feet  high  will  be  different 
from  that  for  a  column  10.000  feet  high,  so  that 
a  table  based  upon  a  given  mean  temperature 
will  be  correct  only  up  to  a  height  depending 
on  the  temperature  at  the  base,  or  up  to  a 
prescribed  height  only  for  a  proper  temper- 
ature at  the  base. 

Not  only  does  the  temperature  fall  as  the 
elevation  increases,  but  the  rate  at  which  it 
falls  is  not  uniform;  that  is,  it  decreases  more 
in  the  first  thousand  feet  than  in  the  second, 
and  more  in  the  second  than  in  the  third,  and 
so  on.  A  table,  then,  even  if  made  out  for 
numerous  mean  temperatures  and  a  great  vari- 
ety of  elevations,  cannot  be  used  intelligently 
without  knowing  how  to  select  the  proper  tem- 
perature column  of  the  table.  It  is  obvious 
that  a  list  of  pressures  correct  for  a  mean 
temperature  of,  say  50°,  could  not  be  applic- 
able at  all  when  the  temperature  at  the  lower 
level  is  50°  or  less. 
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A  good  general  formula  for  changes  of  tem- 
perature with  elevation  may  he  ohtained  hy 
reference  to  the  snow  line ;  i.  e.,  the  line  helow 
which  all  the  snow  is  melted  in  midsummer. 
The  elevation  of  this  line,  in  general,  between 
latitude  JS°  N,  and  45°  S,  ranges  from  12,000 
to  18.000  feet  above  sea  level.  A  suitable  form 
of  equation   for  the  change  of  temperature   is 


H 


To^ 


(H) 


temperature  to  use  for  a  height  TT  in  the  above 
tabic. 

Suppose,  for  example.  T°  :=  60°  F.,  and  we 
wished  to  reckon  on  a  mean  temperature  of  50° 
as  in  the  second  column  of  the  table.  Through 
what  range  of  elevation,  H,  would  this  ex- 
tend? Since  the  lower  temperature  is  60°  and 
the  mean  is  50°  the  upper  temperature  T  must 
be  40°  (501°  absolute).  Substituting  these 
values  in   equation    (J)    we  find   H  =  6,740  ft. 

If,    however,     we    wanted     to     know    what 


Jf^'^'* 


/OOP 


I'oancls /yer  Pfc/are  i/irJi 


"5  ?       '         To  1  7%  ''i  /^ 

CURVES    SHOWING    VARIATION    OF    PRESSURE    WITH    VARYING    ELE\ATINO. 
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where  H  is  any  elevation  above  sea  level,  e 
the  base  of  Naperian  logarithms,  T  the  tem- 
perature (absolute)  at  elevation  H  and  To 
the  temperature  at  sea  level.  If  we  take  To 
=  80°  F.,  (541°  absolute)  as  mean  sea  level 
summer  temperature  to  go  with  H  ==  16,000 
feet  as  snow  limit,  for  which  T  =  32°,  (493° 
absolute),     the     formula     reads     493     =    541 

16000 
e whence    h  =  172200.      This    makes 


the  etjuation 

T  =  To  e  - 


H 


changes  of  pressure  to  allow  for  through  a 
height  of  12,000  ft.,  with  the  mean  temper- 
ature at  sea  level  60°  F.,  these  values  in  equa- 
tion (J)  give  T=486«'  abs.=25*'  F.,  as  the 
upper   limit   of   temperature.     This   makes   the 

60  +  25 
mean   temperature   =  42°.5    I'.,   and   the 

l)roper  pressures  could  only  be  had  from  a 
table     or  a  curve   for  this  temperature. 

Equation  (J)  leads  to  an  interestinii  table 
of  temperature-change  from  various  sea  level 
temperatures. 


(J) 


172200 

From  this  equation,  by  giving  To  any  value  for 
the  temperature  at  the  lower  level,  the  cor- 
responding value  of  T  for  the  height  H  may 
be  determined,  and  therefore  the  proper  mean 


At  .Sea  leyel 

32°  F 

50° 
80° 
100° 

At  2500  ft. 

25' -9 
42V6 
72°. 2 
9l°.9 

At  5000  ft. 

1 7°  .9 

64°.  5 
83^9 

At  10000  ft. 
4^2 

21°. 2 
49".  5 
68°. 4 

Table  showing  temperature  at  various  heights,  for  dif- 
ferent initial  temocratures  at  sea  lev?!. 


4176 


COMPRESSED     AIR. 


In  applying  equation  (G)  to  a  depth  below 
sea  level,  H  is  a  negative  quantity,  and  log  P 
is  thus  increased.  For  a  mean  temperature  of 
50°,  as  before,  if  H  equals  a  depth  of  2,000 
feet,  log  P  =  1.199317,  whence  P=:  15.82  lbs. 
per  sq.  in.  The  pressure  through  this  depth  in- 
creases at  very  neiirly  a  uniform  rate  with  the 
1. 12 

depth part   per   foot.     That   is.  the 

14.7  X  2000 
increase  of  pressure,  and  therefore  of  density, 
for  constant  temperature  is  .0000381   times  the 
pressure  at  sea  level   for  every   foot  of  depth. 

It  is  observed,  however,  that  in  general  the 
temperature  within  the  earth  rises  1°  F.  for 
about  every  60  ft.  of  depth.  Since,  for  every 
degree  rise  of  temperature  under  a  given  pres- 
sure the  air  expands,  and  therefore  decreases 
I 

in    densitv    by    ,    this    would    tend    to 

461 -It 
counteract  the  increase  of  density  in  descend- 
ing into  the  earth,  and  in  very  nearly  the  same 
proportion  as  it  would  increase  by  reason  of 
pressure ;  for  if,  as  in  the  above  example,  the 
temperature  at  the  surface  is  50°  F.,  then  the 
I 

densit}-  diminishes part,     or     .0000326 

511X60 
per  foot  of  depth  by  reason  of  rise  in  temper- 
ature.    With  air  at  32°  at  sea  level  the  propor- 
tional changes  in  density  per  foot  of  depth  are. 

Increase  on  account  of  pressure.  .0000396. 

Decrease  on  account  of  temperature.  .0000338 

These  so  nearly  counteract  each  other  that 
the  actual  change  of  density  is  only  .000006 
per  foot  of  depth.  Between  surface  temper- 
atures of  20°  and  80°  this  may  be  taken  as  an 
average  fractional  change  in  density  per  foot 
descent.     An   increase  of  .5   pound   per  square 

■5 

inch  would  be  an  increase  of  ,  or  .034016, 

14.7 
to  effect  which  at  the  rate  of  .000006  per  foot 
.034016 

would  require  a  depth  of  ,  or  5  670  feet, 

.000006 
or  over  one   mile. 

i'he  effect  of  altitude  on  the  efficiency  of 
compressors  may  be  briefly  stated.  If  air  at 
standard  pressure  of  14.7  pounds  per  sq.  in., 
is  compressed  to  G  pounds  per  sq.  in.  gauge, 
its  pressure  is  then  G -f  14.7,  and  when  cooled 
to  the  initial  temperature  under  this  pressure, 
147 

the  volume  will  be  part  of  the  volume 

G  -f  14.7 
of  fr?e  air  taken  in  hy  the  compressor.  If, 
by  reason  of  elevation  or  other  cause,  the  air 
initially  is  at  a  pressure  of  p  pounds  per  square 
inch,  and  is  compressed  to  the  same  gauge 
pressure,    G,   as   before,   then    when   cooled   to 


the  initial  temperature  its  volume  will  =  

G  +  P 
part  of  the  volume  of  free  air  taken  in  by  the 
compressor.  For  the  same  number  of  strokes 
this  volume  of  free  air  will  be  alike  in  both 
instances ;  therefore  the  efficiency  of  the  com- 
pressor working  at  an  elevation  as  compared 
with  its  work  at  standard  pressure  will  be 
the  ratio  of  the  volumes  after  compression, 
provided  the  air  is  at  the  same  initial  temper- 
ature in  both  cases.     That  is, 

P  147 

Efficiency  ^ 1 

G  +  p         G  +  147 

It  must  be  remembered,  however,  that  the 
gauge  itself,  on  which  the  pressures  are  indi- 
cated, must  read  zero  under  the  pressure  of 
the  atmosphere  wherever  it  is  used.  If  it  does 
not  its  readings  must  be  corrected  for  this 
error,  for  p  and  G  -j-  p  stand  for  absolute  pres- 
sures of  the  air  before  and  after  compression. 

It  is  unnecessary  to  discuss  this  portion  of 
the  suliject  further  here  as  it  has  been  fully 
presented  in  Compressed  Air;  also  in  articles 
by  William  Cox,  W.  L.  Saunders  and  F.  C. 
Weber,  in  Compressed  Air  Information,  pp. 
98  to  105. 


USES    OF    COMPRESSED    AIR    IN 
COAL  MINES.* 

By  J.  L.  Dixon,  E.  M. 

The  subject  of  this  paper  embraces  a  wide 
field  which  cannot  be  fully  covered  in  an  article 
of  this  kind,  but  as  the  majority  of  the  mem- 
bers of  this  institute  are  acquainted  with  the 
ordinary  applications  of  this  power  in  coal 
mines,  it  will  only  be  necessary  to  make  a 
brief  resume  of  this  part  of  our  subject, 
leaving  the  less  known  and  proposed  applica- 
tions of  compressed  air  for  more  extended 
discussion. 

The  production  of  coal  is  one  of  the  most 
important  industries  of  the  world  bath  in  point 
of  material  value  and  in  the  part  it  plays  in 
our  modern  civilization.  I  need  not  say  that 
without  it  the  wonderful  achievements  of  the 
past  century  would  not  have  b?en  possible  and 
the  present  enormous  industrial  activity  im- 
possible ;  coal  is  indeed  "king"  and  apart  from 
the  soil  is  the  most  valuable  material  asset  of 
this  great  country,  but  this  like  most  things 
of  value  can  only  be  won  by  toil,  by  courage, 
skill  and  perseverance,  and  the  world  owes 
a  debt  of  gratitude  to  those  brave  men  who 
have  spent  their  lives  in  ceaseless  endeavor  to 
render  this  toilsome  and  perilous  occupation 
less  arduous  and  less  dangerous. 

The  harnessing  of  natural  forces  to  the  di- 
rect production  of  coal  came  tardily,  but  once 
fairly  connnenced  made  rapid  strir'es  until  ''ow 
the  machine  mine  is  the  rule  and  not  the  ex- 
ception as  it  was  a  comparatively  short  time 
ago.    In  a  few  yeirs  80  per  cent,  of  all  bitimiin- 

*A  paper  presented  to  the  Mining  Institute  at  Pitts- 
burgh. 
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ous  coal  in  this  country  will  be  produced  by 
mechanical  means,  the  motive  power  being 
compressed  air  and  electricity;  the  former  has 
no  conflict  with  the  latter,  for  there  is  a  wide 
field  of  usefulness  for  both.  We  do  propose 
to  show,  however,  that  the  latter  is  an  ideal 
power  for  underground  work  and  is  supreme 
in  that  province. 

In  the  installation  of  compressed  air  plants 
at  coal  mines  it  has  been  and  is  still  to  a 
great  extent  the  custom  to  install  the  cheap- 
est class  of  machinery,  boilers  of  low  pressure, 
compressors  of  low  efficiency,  and  pipe  lines 
at  haphazard,  in  many  cases 

so   WOEFULLY   INEFFICIENT 

as  to  render  the  whole  installation  practically 
useless.  This  power  has  been  condemned  by 
some  mining  men  who  have  had  experience 
with  or  who  have  visited  plants  of  this  kind 
without  taking  the  trouble  to  go  deeper  into 
the  matter.  There  has,  however,  been  a  radical 
departure  from  these  lines  in  the  last  few 
years ;  in  that  time  many  large  coal  companies 
have  installed  plants  where  both  boilers  and 
compressors  are  of  the  most  refined  type  and 
the  fuel  cost  of  production  has  been  decreased 
over  IDG  per  cent.  A  plant  of  this  kind  w-ith 
ample  pipe  lines  will  show  at  the  distant  work- 
ing face  a  favorable  comparison  of  cost  per 
unit  of  power  with  any  plant  of  any  kind  ever 
installed. 

The  uses  of  compressed  air  in  coal  mining 
are  as  follows : 

Haulage,  by  locomotives  and  by  stationary 
engines. 

Coal  cutting  and  drilling,  by  percussive  and 
rotary-  machines. 

Pumping  (as  we  have  had  an  able  paper  on 
pumping,  we  will  omit  it  from  this). 

Shearing  in  entries  and  rooms. 

Proposed  method  of  saving  life,  by  and  with 
compressed  air. 

Haulage,  by  compressed  air,  is  the  latest 
practical  method  which  has  been  introduced 
into  mines  and  is  one  which  possesses  many 
and  peculiar  advantages,  amongst  them  being 
the  following :  Its  almost  absolute  reliability 
and  nearly  total  absence  of  repairs,  its  flexi- 
bility and  safety  under  all  conditions.  That 
these  are  valuable  features,  none   will  deny. 

It  is  not  the  intention  to  enter  into  a  de- 
tailed description  of  a  compressed  air  haulage 
plant.  I  will  only  outline  the  system  and  will 
quote  from  an  article  on  this  subject  which  I 
wrote  some  time  ago : 

"A  compressed  air  haulage  plant  consists  of 
a  three  or  four-stage  air  compressor,  capable 
of  compressing  air  to  i.ooo  pounds  pressure 
per  square  inch,  locomotives  of  suitable  weight 
and  power,  and  constructed 

TO    CARRY    STORED-UP    ENERGY 

in  the  shape  of  compressed  air  sufficient  for 
requirements,  suitable  charging  stations,  a 
stationary  reservoir  ,which  may  be  a  pipe  line, 
where  long  or  diverging  runs  exist,  or  one  or 
more  storage  tanks  where  the  runs  are  short. 
the  air  being  compressed   in  this   storage   sys- 


tem while  the  motor  is  making  its  trip,  admit- 
ting of  a  small  steady  running  compressor. 

"The  general  mechanism  of  an  air  locomo- 
tive, cylinders,  valve  motion,  frame,  wheels, 
etc.,  is  similar  to  the  steam  locomotive  ex- 
cept that  bearings  are  larger  and  every  detail 
of  construction  stronger.  The  main  points 
of  difference  are  that,  instead  of  the  usual 
boiler  and  water  accessories  for  developing 
steam  power,  the  air  locomotive  is  equipped 
with  one  or  more  strongly  constructed  storage 
tanks  which  are  charged  with  compressed  air 
to  a  high  pressure,  usually  from  700  to  1,000 
pounds  per  square  inch,  sometimes  to  2,000 
pounds.  A  combination  regulator  and  auto- 
matic stop  valve  leading  to  the  auxiliary  low 
pressure  reservoir  in  which  the  air  is  carried 
at  a  uniform  working  pressure  usually  140 
pounds,  though  greater  pressures  are  available 
for  emergencies.  Relief  valves  make  it  impos- 
sible to  charge  the  motor  tanks  to  an  unsafe 
or  higher  pressure  than  required,  the  initial 
storage  pressure  decreases  while  the  locomotive 
is  working,  so  there  is  never  any  risk  from 
over-pressure,  the  dangers  incident  to  the  oper- 
ation of  a  steam  locomotive  boiler,  such  as 
excess  pressure,  burnt  crown  sheets,  fire  boxes 
or  flues  collapsed  from  low  water  are  entirely 
eliminated  in  the  operation  of  a  compressed 
air  motor  as  the  boiler  and  its  accessories, 
which  are  the  chief  items  of  repairs  and  ele- 
ments of  danger,  are  replaced  by  air  tanks 
which  are  practically  indestructible. 

''The  locomotives  are  charged  at  stations 
located  on  the  main  line,  the  time  consumed 
in  charging  including  coupling  and  uncoupling 
being  from  one  to  two  minutes.  These  loco- 
motives are  made  to  order,  and 

TO    SUIT    THE    CONniTIONS 

of  the  haulage,  long,  short,  wide,  narrow  and 
low.   to   suit   conditions. 

"There  are  a  dozen  or  more  compressed  air 
haulage  plants  in  successful  operation  in  West- 
ern Pennsylvania  and  a  large  number  in  the 
anthracite  mines,  any  of  which  to  those  in- 
terested  would   well   repay  a   visit." 

If  desirable,  animal  power  can  with  this 
system  of  haulage  be  entirely  eliminated,  small 
motors  of  from  three  to  four  tons  being  used 
in  the  rooms ;  these  can  be  run  on  cither  iron 
or  wood  raiU.  iron  of- course,  being  prefer- 
able. 

Regarding  the  economy  of  this  system,  there 
can  no  longer  be  any  doubt  it  has  been  a  suc- 
cess in  this  and  every  other  respect  ever  since 
its  inception.  Take,  for  instance,  the  very  first 
plant  introduced  into  the  anthracite  region  in 
1895.  according  to  a  report  of  the  chief  en- 
gineer of  the  company,  the  cost  per  ton  mile, 
net  weight,  was  i.gr  per  ton.  this  figure  being 
obtained  by  dividing  the  total  operation  ex- 
penses for  two  years.  inclu<ling  fuel.  labor, 
repairs,  interest  and  depreciation,  by  th^  pro- 
duct obtained  by  multiplying  the  number  of 
tons  hauled  by  the  motors  durintr  tliat  time, 
by  the  average  distance  it  was  hauled  in  mile"! 
or  fractions  of  miles.  The  diff?rcnce  of  cos) 
in   favor  of  compressed  air  as  compared   with 


4178 


COMPRESSED     AIR. 


mule  haulage  equaled  the  total  cost  of  instal- 
lation in  361  working  da3'S. 

When  it  is  taken  into  consideration  that 
the  plant  was  not  worked  much  more  than 
half  of  its  capacity  and  that  it  was  installed 
eleven  j-ears  ago  and  paid  for  itself  in  so 
short  a  time,  there  can  be  no  question  as  to 
its  efficiency.  Of  course,  the  cost  would  dif- 
fer with  differing  conditions ;  in  some  cases  it 
would  be  higher  and  in  many  cases  less.  To 
sum  up,  it  is  a  safe,  flexible  efficient. 

RELIABLE  AXD  ECONOMIC   SYSTEM 

of  haulage,  well  worth  j-our  careful  investi- 
gation. 

Where  the  main  haulage  is  rope,  in  some 
cases  where  animal  power  alone  is  relied  on, 
stationary-  engines  operated  with  compressed 
air  are  often  used ;  for  hauling  coal  out  of  dip 
entries  or  for  hauling  empty  cars  up  an\'  steep 
grades,  the  engines  can  be  moved  from  place 
to  place  as  occasion  demands,  and  are  verj- 
handy  and  useful  where  local  dips  abound. 

Compressed  air  is  playing  a  most  important 
part  in  the  mechanical  production  of  coal,  both 
percussive  and  rotary  machines  being  driven 
by  it.  The  puncher  is  the  oldest  and  best 
known  machine  now  in  use.  and  in  numbers 
far  exceeds  all  other  types  combined  ;  it  is  of 
exceedingly  simple  and  durable  construction, 
needing  but  few  and  inexpensive  repairs.  It 
is  also  a  machine  of  wide  adaptation  and  so 
flexible  that  it  can  be  used  under  almost  all 
conditions  met  with  in  coal  mines.  It  has 
been  in  use  for  about  twenty  years  during 
which  time  improvements  have  followed  im- 
provements until  the  pick  machine  of  to-day 
is  in  simplicity,  durability  and  cutting  capacity 
almost  as  perfect  as  human  skill  can  make  it. 
It  makes  an  undercut  similar  to  that  made  by 
hand,  which  admits  of  easy  blasting  permitting 
the  coal  to  roll  forward,  thus  placing  it  in  an 
ideal  condition  for  Foading,  instead  of  mere- 
ly dropping  it  an  inch  or  so  from  the  roof,  as 
is  the  case  with  other  machines.  It  cuts  on 
the  floor  and  does  not  leave  three  or  four 
inches  to  be  taken  up  by  hand  as  the  chain 
machine  does.  It  can  be  used  safely  in  bad 
roof  where  it  would  be  extremely  dangerous 
to  use  any  other  type.  It  can  also  be  used  to 
extract  pillars,  the  chief  necessity  in  this  be- 
ing the  consent  and  concurrence  of  the  mine 
boss.  I  have  seen  it  used  successfully  in  ex- 
tremely bad  roof  for  this  purpose,  and  am 
sure  it  can  be  utilized  in  this  work  very  much 
more  than  it  is  at  the  present  time,  if  super- 
intendents and  foremen  care  to  take  the  "trouble 
of  giving  it   their  personal   attention. 

As  most  mining  men  are  acquainted  with 
the  very  simple  mechanism  and  modus  oper- 
andi of  the  puncher,  it 

WOULD    BE    WASTE    OF    TIME 

to  enter  into  a  detailed  description  of  either, 
so  I  will  only  say  that  this  machine  is  for  all 
around  mining  work,  the  simplest,  cheapest, 
most  durable,  most  flexible  and  most  effective 
machine  ever  built.  It  is  to-day  producing 
seven-tenths  of  all  machine  mined  coal  in  this 
country,  and  it  will  not  only  maintain  this  su- 


premacy but  join  in  the  race,  for  it  will  be 
more  than  any  other,  better  adapted  to  in- 
evitable conditions  which  will  prevail  in  the 
mining  of  the  future. 

The  chain  machine  which  is  generallj'  oper- 
ated by  electricity  is  also  driven  by  compressed 
air,  where  conditions  are  suitable,  that  is  to 
say,  where  the  roof  is  good  and  the  floor  is 
level,  and  where  the  coal  is  free  from  sulphur 
balls,  this  machine  does  remarkably  good  work. 
The  objections  to  it  are  mainly  its  bulk  and 
weight,  making  the  work  of  moving  it  around 
in  the  constricted  mine  space,  extremely  slow 
and  laborious,  its  length  making  it  necessary 
to  leave  an  unpropped  space  of  from  12  to  14 
feet  between  the  face  and  pole,  the  fact  that 
it  cuts  above  the  floor  and  that  the  cut  which 
is  narrow  and  slot-like  does  not  permit  of  ef- 
fective blasting,  or  makes  it  imperative  to 
blast  so  hard  that  the  coal  is  much  shattered. 
However,  there  are  places  where  conditions 
are  such  that  these  objections  are  offset  by 
the  rapid  cutting  done  by  this  machine,  for  in 
this  respect  it  is  superior  to  the  percussive 
machine. 

The  principal  point  I  wish  to  emphasize  in 
this  connection  is  that  with  compressed  air 
either  the  percussive  or  rotary  machine  can 
be  used,  and  as  there  are  places  in  every  mine 
where  it  is  both  desirable  and  profitable  to 
use  punching  machines,  that  power  which  ad- 
mits of  the  use  of  both  now  nearly  approaches 
the  practically  ideal.  This  also  holds  true  in 
the  matter  of  drills  and  drilling  for.  the  per- 
cussive rock  drill  so  indispensable  in  driving 
rock  headings  can  only  be  operated  by  com- 
pressed air. 

Considerable  attention  is  now  being  paid  to 
the  perfection  of  a  light,  simple,  portable  ro- 
tary drill  for  drilling  coal,  slate  and  fire  clay 
in  mines.  This  seems  to  have  been  accom- 
plished by  a  well  known  firm,  in  the  shape  of 
a  machine  which  is  a  breast  auger  weighing 
18  pounds  and  operated,  by  compressed  air. 
This  is  portable  in  the  true  sense  and  can  be 
easily  carried  and  operated  by  one  man.  I 
hope  to  see  the  time  when  these  machines  in 
the  hands  of  experienced  men  will  do  all  the 
drilling  in  our  coal  mines  to  the  absolute 

EXCLUSION"   OF   DANGEROUS    DRILLING 

by  inexperienced  men,  but  of  this,  more  here- 
after. 

Recently  a  machine  of  a  new  t\pe  has  been 
perfected  and  placed  on  the  market ;  many  are 
in  successful  use  where  the  conditions  pre- 
clude  the   use  of  any  other  machine. 

It  is  to  all  intents  and  purposes  a  long  stroke 
rock  drill  mounted  on  a  column,  the  mount- 
ing being  specially  adapted  for  coal  mining 
work.  The  column  may  be  of  any  length  from 
two  to  eight  feet.  It  is  placed  at  right  angles 
to  the  roof  and  floor  about  ^14  feet  from  the 
face  and  six  feet  from  the  rib  in  undermining 
or  ten  inches  for  shearing;  it  has  a  rosette  on 
one  end  and  a  heavy  jack  screw  in  the  other 
terminating  in  a  rosette  foot  piece  :  a  substan- 
tial block  of  wood  is  placed  under  the  foot 
piece  of  the  column  and  a  piece  of  hard  wood 
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about  2  inches  thick  is  placed  on  top,  the  jack 
screw  is  then  screwed  as  tight  as  possible. 
This  operation  need  not  consume  more  than 
five  minutes,  it  is  then  ready  for  work.  With 
one  set  up  an  undercut  can  be  put  in,  in  any 
part  of  the  seam,  12  feet  wide  and  any  depth 
up  to  8  feet,  the  average  height  of  cut  being 
3  inches.  This  machine  can  be  used  and  is 
used  profitably  in  pitching  veins,  where  the 
pitch  is  so  great  as  to  entirely  preclude  the 
use  of  any  other  machine.  It  is,  of  all  ma- 
chines of  the  percussive  type,  the  easiest  to 
run,  there  being  absolutely  no  jar  on  the  run- 
ner, his  function  being  to  guide  the  pick  or 
bit  and  place  the  blows  where  they  will  do  the 
most   good. 

I  wish  particularly  to  call  your  attention  to 
this  machine  because  of  its  efficiency  in  shear- 
ing and  because  the  importance  of  shearing  in 
coal  mining  has  practicalh'  been  lost  sight  of. 
Hitherto,  there  has  not  been  any  satisfactory 
mechanical  means  of  doing  this  work,  which 
may  account  in  a  measure  for  its  almost  utter 
lack  in  modern  coal  getting.  I  remember  that 
when  as  a  boy  I  jvorked  in  the  English  mines, 
no  one  was  allowed  to  fire  a  shot  in  either  en- 
tries or  rooms  without  one  rib  being  sheared. 
1  remember  also  that  my  father  worked  at  this 
one  group  of  mines  for  nearly  40  years,  part 
of  the  time  as  manager  and  there  never  was  an 
explosion  by  blown  out  shots  or  otherwise,  and 
some  of  the  mines  were  very  gaseous ;  had 
the  same  reckless,  ignorant  methods  of  blast- 
ing from  the  "face"  which  obtain  here,  been 
used  there,  the  mining  population  would  have 
been   from  time   to  time   considerably 

THINNED    BY    EXPLOSION. S 

from  blown-out  shots.  Explosions  from  this 
cause  are  multiplying  with  alarming  rapidity 
and  no  remedy  is  being  applied.  There  stands 
a  monument  not  far  from  Pittsburgh  but  re- 
cently dedicated  to  the  memory  of  178  victims 
of  a  blown-out  shot,  the  mine  where  this 
dreadful  holocaust  occurred  is  again  at  work, 
the  same  methods  of  blasting  obtain  as  before, 
the  same  ignorant  element  handles  the  dan- 
gerous agent  which  together  with  dust  and  gas 
sent  their  predecessors  to  their  narrow  cells 
and  long  home.  In  a  word  all  the  elements 
and  agencies  necessary  for  a  repetition  of  the 
awful  disaster  are  potentially  present,  and  as 
if  this  were  not  enough  they  are  about  to  in- 
stall that  subtile  power  electricity,  so  danger- 
ous in  a  gaseous  mine,  but  there  is  no  protest, 
no  remedy  suggested,  yet  the  remedy  is  very 
obvious.  There  is  nothing  mysterious  about 
a  blown-out  shot,  it  is  simply  a  manifestation 
of  carelessness  or  ignorance  or  both.  The 
remedy,  which  should  be  enforced  by  law,  and 
which  would  prove  most  effective,  would  be 
the  absolute  prohibition  of  any  shot  firing  by 
any  but  approved  and  competent  men  and  the 
enactment  of  a  law  compelling  the  shearing  of 
both  room  and  entries  before  blasting.  The 
introduction  of  mining  machinery  has  made 
quite  feasible  the  employment  of  skilled  men 
to   do    all    the    drilling    and    blasting   most    of 


which  can  be  done  at  night,  thus  exposing 
fewer  men  to  danger  and  rendering  the  mine 
safer  and   more   sanitary   during  the   day. 

There  will  be,  I  have  no  doubt,  many  ob- 
jections to  a  drastic  measure  of  this  kind  and 
one  of  the  objections  will  be  that  it  will  in- 
crease the  cost  of  coal.  That  indeed  would  be 
a  serious  obstacle ;  there  could  be  no  greater 
in  this  age  of  selfishness  and  greed,  which 
sacrifices  human  health  and  even  life  in  its 
mad   race   for  wealth. 

The  labor  for  drilling  and  blasting  would 
average  about  one  cent  per  ton,  varying  with 
conditions,  shearing,  because  of  the'  decrease 
in  amount  of  slack  and  nut  and  shattered  coal, 
would  pay  for  itself  and  a 

H.\NDSOME    PROFIT    WOULD    ACCRUE 

to  the  operator  by  the  absence  of  blown-out 
shot  disasters  and  by  the  approbation  of  his 
conscience  for  the  establishment  of  a  humani- 
tarian regulation  which  does  not  cost  him  any- 
thing. 

I  think  a  question  of  this  kind  is  worthy  the 
attention  of  this  body  of  representative  mining 
men.  It  is  your  solemn  and  sacred  duty  to 
safeguard  the  lives  placed  under  j'our  care  and 
you  cannot  contemplate  without  dire  forebod- 
ing the  ignorance  and  consequent  reckless- 
ness of  the  modern  mine  crew.  There  is  no 
other  place  or  no  industry  on  earth  where  the 
methods  which  obtain  in  some  of  our  mines 
would  be  tolerated  for  an  instant.  In  every 
industry  where  explosives  are  used  except  in 
coal  mining,  only  experienced  men  appointed 
for  that  purpose  are  permitted  to  handle  them, 
but  in  coal  mines  where  the  danger  can  hardly 
be  overestimated  or  exaggerated  and  where 
the  safety  of  all  depends  upon  the  skill  and 
care  of  each  one.  men  whose  ignorance  is  mon- 
umental, are  allowed  to  drill  holes  as  they 
please,  charge  them  as  they  please  and  fire 
them  at  their  own  pleasure.  This  is  no  figure 
of  speech.  I  remember  visiting  a  mine  in 
company  with  the  manager.  The  mine,  which 
was  in  the  first  stages  of  development,  was 
generating  considerable  gas ;  wliile  in  one  of 
the  entries,  I  noticed  a  polyandrous  Slav  ram 
a  cartridge  of  such  astounding  proportions  in- 
to a  drill  hole  that  I  asked  the  manager  as  a 
special  favor  to  allow  me  to  get  out  of  the 
shaft  before  tiie  shot  was  fired,  and  incident- 
ally suggested  that  he  take  all  the  rest  out  ex- 
cept the  Slav.  He  laughed  and  said,  "There 
is  no  danger.''  On  arriving  at  the  surface,  I 
tried  to  convince  him  that  tiiere  was  very  grave 
danger,  but  of  course,  he  knew  better.  A  few 
weeks  after  there  was  an  explosion  in  this 
mine  from  a  blown-out  shot.  Over  a  dozen 
men  were  killed.  I  regret  to  say  that  the 
name  of  the  manager  did  not  appear  in  the 
list. 

While  I  have  suggested  a  rejnedy  for  one  of 
the  most  frequent  causes  of  explosions.  I  wish 
also  to  suggest  a  method  for  the  preservation 
of  life  after  explosions  in  which  compressed 
air  is  vitally  essential,  for  after 
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HUMAN    FORESIGHT   AND    SKILL 

has  exhausted  every  method  and  taken  every 
precaution,  it  is  safe  to  infer  that  explosions 
will  still  occur,  for  it  seems  as  if  there  are 
causes  mysterious  and  unknown,  which  set  at 
defiance  all  human  foresight  and  the  deadly 
explosion  takes  place  with  all  its  attendant 
horrors. 

In  most  explosions,  the  majority  of  those 
lost  are  asphyxiated  by  the  after-damp.  In 
numerous  cases  they  have  sufficient  time  to 
travel  considerable  distance  before  being  over- 
taken and  overcome  by  the  deadly  gas  ;  in  very 
many  cases,  men  have  lived  for  hours  but  at 
last  their  prison  house  becomes  entirely  devoid 
of  life-giving  oxygen,  and  they  fall  into  that 
last  sleep  which  knows  no  awakening.  Had 
there  been  some  definite  point  to  which  these 
men  could  have  directed  their  steps  where 
fresh  air  and  food  in  abundance  could  be 
found,  it  is  likely  that  the  death  list  would 
have  been  diminished.  It  is  singular  that  in 
most  towns  effective  arrangements  are  made 
for  the  protection  of  life  from  fire,  while  all 
along  the  coast  lines  both  of  ocean  and  lakes, 
life-saving  stations  are  established  for  the  pro- 
tection of  the  lives  of  those  who  go  down  to 
the  sea  in  ships,  yet  nothing  has  been  done  for 
the  preservation  of  the  lives  of  those  who 
work  in  perpetual  danger  and  may  at  any  hour 
be  imprisoned  deep  down  in  the  bowels  of  the 
earth. 

The  plan  I  wish  to  suggest  is  that  in  every 
mine,  life  saving  stations  or  chambers  of  refuge 
should  be  established.  They  should  be  exca- 
vated in  the  solid  coal,  the  approach  should  be 
by  a  long  narrow  entrance  which  could  easily 
be  rendered  explosion  proof.  The  chambers 
should  be  about  15  feet  by  30  feet  and  should 
be  connected  with  the  surface  by  a  compressed 
air  line,  which  should  be  put  down  a  bore  hole 
directly  into  the  chamber,  or  should  be  laid 
in  the  mine  in  such  a  way  that 

NO  EXPLOSION   WOULD  DISTURB 

it.  This  should  be  done  by  laying  it  in  a  ditch 
made  for  that  purpose,  of  by  covering  it  in 
such  a  manner  that  the  line  would  not  be 
broken  by  falls  of  rock.  Connections  should 
be  made  from  this  pipe  into  each  chamber  of 
refuge,  which  when  turned  on  would  give  a 
sufficient  supply  of  air  to  any  refugees  who 
may  be  so  fortunate  as  to  reach  them.  These 
chambers  should  be  amply  provided  with  first 
aids  to  the  injured,  with  restoratives,  with 
condensed  foods,  all  in  damp-proof  cases.  They 
should  also  be  supplied  with  electric  safety 
lamps,  flasks  of  oxygen  and  with  modern  life 
saving  appliances  so  that  the  safety  chamber 
could  be  used  as  a  bnse  from  which  rescuers 
could  go  forth  to  the  aid  of  those  unable  to 
reach  the  station.  These  places  should  also  be 
connected  with  the  surface  by  an  explosion 
proof  telephone  system.  This  can  be  done  by 
laying  the  wire  in  the  compressed  air  pipe.  It 
seems  strange  that  while  this  remarkable  in- 
vention is  being  used  in  nearly  every  artery  of 
human   industry,  it   should   have  been   used   so 


little  in  our  coal  mines.  I  will  venture  to  say 
that  there  is  not  one  explosion  proof  telephone 
system  in  any  mine  in  the  United  States.  How 
invaluable  this  would  be  to  the  imprisoned  be- 
low and  to  those  frantic  with  grief  above,  I 
need  not  say;  just  imagine  what  a  blessing  it 
would  have  been  to  many  of  the  men  entrapped 
in  that  large,  French  mine  where  over  1,300 
were  lost,  making  it  the  most  disastrous  acci- 
dent in  all  mining  history.  There  is.  evidence 
that  hundreds  of  these  men  lived  for  days, 
some  of  them  for  over  two  weeks,  even  then 
still  alive,  living  on  the  bark  of  props  and  on 
putrid  horse  flesh.  When  one  reads  of  their 
awful  sufferings,  the  heart  turns  sick  with 
horror  of  it  all.  Had  this  mine  been  adequate- 
ly supplied  with  safety  chambers  connected 
w^ith  the  surface  by  compressed  air  and  tele- 
phone, it  is  possible  that  hundreds  would  have 
been  saved.  They  could  have  made  their  con- 
dition known  to  those  above  and  a  plentiful 
supply  of  cool,  fresh  air  and  of  liquid  food 
could  have  been  transmitted  to  them,  no  mat- 
ter how  far  away  in  the  interior  of  the  work- 
ings^ they  might  have  been. 
A  system  of  this  kind  would 

NOT   BE   EXPENSIVE   TO    INSTALL 

and  would  be  inexpensive  to  keep  in  order 
and  in  readiness  for  any  emergency.  In  mines 
where  compressed  air  is  used,  it  could,  by  mak- 
ing the  line  explosion  proof,  be  made  part  of 
the  regular  working  system.  A  six  or  eight 
inch  main  line  would  insure  a  good  supply  of 
air  for  from  two  to  three  hundred  men  if  con- 
fined to  three  or  four  safety  chambers.  The 
line  can  also  be  used  for  the  transmission  of 
liquid  foods,  as  well  as  a  conduit  for  tele- 
phone wires. 

In  order  that  the  miners  should  have  a  guide 
to  the  safety  station,  arrows  pointing  in  its 
direction  should  be  made  on  the  side  of  the 
entries  with  luminous  paint,  beacons  pointing 
the  way  to  present  safety  and  eventually  to 
wife,  home  and  sunshine.  Full  instructions 
in  every  language  represented  in  the  mine 
should  be  printed  and  posted  in  conspicuous 
places.  These  instructions  should  fully  set 
forth  the  uses  of  the  system  and  under  what 
conditions  it  is  to  be  used.  At  each  large  mine, 
there  should  be  a  corps  of  trained  men  con- 
versant with  methods  of  life  saving  after  an 
explosion,  who  could  act  with  intelligent  and 
efficient  promptness.  Let  it  be  said  to  the 
deathless  honor  of  coal  miners  everywhere 
that  in  case  of  an  explosion,  there  are  always 
volunteers  ready  to  rush  into  the  very  jaws  of 
death,  and  the  history  of  coal  mining  is  re- 
plete with  deeds  of  the  loftiest  heroism  before 
which  the  boasted  exploits  of  chivalry  pale 
into  insignificance.  Again  and  again  rescue 
parties  have  descended  into  the  yawning 
blackness  of  the  pit.  have  met  death  in  the 
noblest  endeavor  to  save  their  comrades,  often, 
I  am  sorry  to  say,  acting 

WITH    MORE    BRA\'ERV    THAN    JUDGMENT. 

unnecessarily  and  unavailingly  sacrificing  their 
valuable  lives.  We  should  be  prepared  for  ex- 
plosions   in    our    mines    as    we    are    prepared 


COMPRESSED     AIR. 


418; 


for  fires  in  our  cities,  for  no  man  knoweth 
the  day  or  the  hour  when  these  terrible  disas- 
ters will  send  a  thrill  of  horror  throughout  the 
world.  The  future  of  mining  is  fraught  with 
grave  dangers,  each  year  our  already  enormous 
output  will  be  increased ;  each  year  will  mean 
more  shafts,  more  gaseous  mines,  and  unless 
more  precautions  are  used,  each  year  will  add 
to  our  already  too  long  list  of  disasters. 

The  conservative,  thoughtful  mining  man 
cannot  but  view  with  alarm  the  manifest  reck- 
lessness of  many  operators  in  introducing 
electricity  into  mines  generating  gas  in  dan- 
gerous quantities,  thus  increasing  a  danger 
which  at  the  best  is  perilous  enough.  Com- 
pressed air  is  an  ideal  power  under  all  condi- 
tions ;  it  is  efficient,  economical,  healthful  and 
it  is  never  a  menace  to  valuable  property,  and 
still  more  valuable  lives.  It  lessens  the  dan- 
ger of  explosions  and  in  the  event  of  one  oc- 
curring, will  be,  if  used  as  indicated,  a  very 
present  help   in  time  of  trouble. 


THE  LATEST    COMPRESSED    AIR 
ENGINE. 

The  American  Machinist,  in  a  recent  issue, 
gives  an  account,  with  the  accompanying  il- 
lustrations,  of  the   sinalleu    steam   engine.     It 


FIG.    I.      THE   ENGINE   FULL   SIZE. 

can  hardly  be  called  a  steam  engine  as  it 
would  not  be  practical  to  run  it  by  steam  and 
it  is  actually  run  by  compressed  air.  As  will 
be  seen  in  Fig  2,  it  is  an  oscillating  engine  of 
simple  design.  The  cylinder  is  .03  inch  in 
diameter   by   .03125    inch   stroke,   and    with   30 


speed  of  6.000  revolutions  per  minute,  the  horse 
power  is  .000013366.  The  free  air  consumption, 
with  15  per  cent,  added  for  clearance  and  leak- 
age, is  .0004109  cubic  feet  per  minute.  As  the 
air  is  not  reheated  the  best  economy  is  not  at- 
tained and  indicator  cards  and  data  are  not 
exhibited.  Gold  and  steel  are  used  in  the  con- 
struction, the  flywheel,  for  instance,  which  was 
built  up  having  a  hub  of  steel  and  a  rim  of 
gold.  Thos.  H.  Robinson,  of  Toronto,  On- 
tario, built  it. 


FIG.  2.   THE  CONSTRUCT  I  O.V  OF  THE  ENGINE. 

pounds    air    pressure    and    an    assumed    mean 
effective  pressnre  of  20  pounds  at  the   normal 


ON  THE  MEASUREMENT  OF  AIR 
FLOWING    INTO    THE    ATMOS- 
PHERE THROUGH   CIRCULAR 
ORIFICES  IN  THIN    PLATES 
AND  UNDER   SMALL  DIF- 
FERENCES      OF 
PRESSURE.* 

By   R.  .1.    Dl  KLEV.   MoNIUE.iL,   C.\X.\I)A. 

Introduction. 

1.  While  engaged  in  experimental  work  re- 
quiring the  measurement  of  quantities  of  air 
flowing  at  comparatively  low  pressures,  the 
writer  was  led  to  an  examination  of  the  avail- 
able formulae  for  the  discharge  of  air  under 
such  conditions.  These  formulae  appeared  to  be 
insufficient  for  the  purpose  in  view,  and,  after 
some  preliminary  trials,  the  experiments  de- 
scribed below  were  made  under  the  writers 
supervision,  in  the  Laboratories  of  the  Depart- 
ment of  Mechanical  Engineering,  McGill  Uni- 
versity, by  ^lessrs.  F.  E.  Sterns  and  G.  M. 
Smith.  Demonstrators  in  Mechanical  Engineer- 
ing. 

2.  In  these  experiments  it  was  desired,  first, 
to  ascertain  the  laws  governing  the  flow  of  air 
through  circular  orifices  in  thin  plates  at  low 
heads ;  and,  secondly,  to  measure  the  air  dis- 
charged in  such  a  manner  that  the  experimental 
conditions  could  be  easily  duplicated  at  any 
time  so  that  a  similar  gauging  apparatus  might 
be  used  in  the  laboratory. 

3.  Circular  orifices  bored  in  thin  plates  were 
selected  because  of  simplicity  of  formation,  and 
it  was  found  that  with  proper  apparatus,  such 
orifices  afforded  a  convenient  means  of  gaug- 
incr  the  amount  of  air  discharged  by  fans,  blow- 
ers, air  engines,  air  compressors,  and  the  like. 

Existing  Formulae. 

4.  The  information  generally  available  on 
the  flow  of  air  through  orifices  at  low  pressures 
may  be  summarized  as  follows : 

*A  papT  pad  i)ef<>re  the  Amertcan  Sooloty  of  Me 
chauical  Euglneers. 
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(a)  Weisbach's  experiments* — These  were 
made  on  air  issuing  into  the  atmosphere,  and 
those  made  at  low  pressures  gave  the  values 
of  the  coefficient  of  discharge  for  orifices  i  and 
2.14  centimeter  (0.39  and  0.84  inches)  diameter 
internal  pressure 


when  the  ratio 


had  the  values 


external  pressure 
1.05  and  1.09.  This  would  correspond,  with  the 
barometer  at  30  inches,  to  heads  of  1.5  inches 
and  2.7  inches  of  mercury,  or  22  inches  and  37 
inches  of  water  nearly,  and  the  coefficient  of 
discharge  (c)  had  values  ranging  from  0.555 
to  0.589  in  the  formula. 

V  =  c^/2gh, 
where  /;  is  the  head  in  feet  of  air. 

{b)  Fliegner's  equations^ — The  empirical 
equation  found  by  Fliegner  as  expressing  re- 
sults of  experiments  on  the  flow  into  the  at- 
mosphere from  a  reservoir  in  which  the  pres- 
sure is  less  than  two  atmospheres  was : — 


W=  1  060  F 


PAP.  -P.) 


T, 


where  rF  =  weight     passing     in     pounds     per 
second. 
F^area  of  orifice  in  square  inches. 
p  ]  and   pa    are    absolute    pressures    in 
pounds  per  square  inch. 
T^i  ^absolute    temperature    in    degrees 
Fahr. 

Calculation  of  Ideal  Flow  of  Air  Through  an 

Orifice  Under  a  Small  Difference 

of  Pressure. 

5.  The  conditions  under  which  the  writer's 
experiments  were  carried  out  rendered  it  ad- 
visable to  limit  the  head  to  5  inches  of  water. 
It  is  therefore  only  necessary  here  to  consider 
the  formulae  applying  to  the  flow  of  air  under 
low  pressures — 

6.  Air  at  32  degrees  Fahr.  and  at  a  pres- 
sure of  14.7  pounds  per  square  inch  weighs 
0.0807  pounds  per  cubic  foot.  At  60  degrees 
Fahr.  the  weight  is  therefore  0.0764  pounds 
nearly..  Under  a  pressure  of  five  inches  of 
water  or  0.1505  pounds  per  square  inch  above 
atmospheric  pressure,  air  at  60  degrees  Fahr. 

14.8505 
would   have   a    weight   of      0.0764  X = 

147 
0.0772  pounds  per  cubic   foot,   an   increase   in 
density  of  0.0008  pounds,  or  say,   i  per  cent. 

*  See  Welsbach,  "Der  ClvlUngenleur,"  vol.  .5  18.5')  p 
546;  also,  "Thpor.  Mech.,"  404-0  (.'ith  American  Edition), 
and  "Peabody's  Thermodynamics,"  p.  137.  +See  "Der 
Clvilingenleur,"  vol.  20,  p.  14 


We  shall  see  that  this  increase  in  density  is  so 
small  that  the  air  may  be  considered,  without 
serious  error,  as  remaining  of  uniform  density 
during  the  experiments  here  described. 

7.  The  consideration  of  the  adiabatic  flow 
of  a  perfect  gas  through  a  frictionless  orifice 
leads  to  the  equation* 


2£- 


y-1 


:[(S)H^)-] 


(1) 


In  this  expression 

n'  =  weight  of  gas  discharged  per  second  in 

pounds. 
A  =  area  of  cross   section  of  jet  in   square 

feet. 
Pi=  pressure  inside   orifice   in    pounds    per 

square  foot. 
P    =  pressure  outside  orifice. 
V i^  specific  volume  of  gas  inside  orifice  in 
cubic  feet  per  pound. 

spec,  heat  at  const,  press. 

yc=  ratio  Kp/Kv  = 

spec,  heat  at  const,  press, 
per  pound. 

For  air,  where  y^  1404,  we  have  from  equa- 
tion (i)  for  a  circular  orifice  of  diameter  d 
inches,  the  initial  temperature  of  the  air  being 
60  degrees  Fahr.    (or  521  degrees  abs.). 


-'^■-^^^MWHWl- 


IV  =0  000491  d'  P, 


while,  if  we  measure  P2  in  lbs.  per  square  inch, 
^  =  0  07058  d'  P, 

wrw^  ■  <-) 

8.  In  practice  the  flow  is  not  frictionless, 
nor  is  it  perfectly  adiabatic,  and  the  amount  of 
heat  entering  or  leaving  the  gas  is  not  known. 
Hence  the  weight  actually  discharged  is  to  be 
found  from  such  a  formula  as  (2)  by  introduc- 
ing a  coefficient  of  discharge  (generally  less 
than  unity)  depending  on  the  conditions  of  the 
experiment  and  on  the  construction  of  the  par- 
ticular  form  of  orifice  employed. 

9.  The  above  formula  is  not  very  conven- 
ient for  calculation,  and  for  practical  purposes 

*See  note  at  end  of  paper,  also  "Peabody's  Thermody 
namics,"  p.  132.    081. 
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P., 

it  is   better    (if  tlie   ratio  —   is   nearly   unity) 

P. 
to  employ  a  somewhat  similar  expression,  ob- 
tained by  assuming  that  the  air  or  gas  flows 
as  would  a  liquid  of  the  same  mean  density. 
In  other  words,  we  neglect  the  changes  of 
density  and  temperature  occurring  as  the  air 
passes  through  the  orifice,-  and  are  thus  able 
to  obtain  a  simpler  though  approximate  form- 
ula— as  follows: — 

Let  /  =  difference  of  pressure  (between  Pi 
and  P^  measured  in  inches  of  water. 

T  =  absolute  temperature  of  air    (^supposed 

to  remain  unchanged). 
C7  =1  velocity  of  air  in  feet  per  second   (sup- 
posed uniform  over  whole  cross  sec- 
tion of  orifice). 
F :=  specific  volume  of  air    (supposed  con- 
stant   during   passage    through    ori- 
fice). 
P  =  mean   pressure  of    air    in    pounds    per 

square  foot. 
10.     Then  the  head  (measured  in  feet  of  air) 
under  which  the  flow  takes  place  is  h=  V {P ^ 

-P.). 

But  a  pressure  of  one  inch  of  water  =  5.2 
pounds  per  square  foot,  so  that 
/2  =  5.2    i    V. 

Now  «=  \/2gh  and  the  weight  discharged  per 
square  foot  of' orifice  per  second  will  be 


—  _        2  ^  X  0.2  t   V 


64.4  X  5.2  t 


V 


53  18  T 

But    V  ^ ^ for  air,  so  that  the  ideal 

discharge  per  square  foot  of  orifice  per  second 
will  be 


4 


6^-^^5.2/P    _  2.o09^t—    poinds.* 
53.18  T  \   T    "^ 


For  an  orifice  of  diameter  d  inches  the  ideal 
discharge  will  be 


.rr  0.7854^'         „    .„„ 

W  = X  2.0O9 


144 


=  0.01369  d 


^^ 


\~T 


T   (3) 

In  the  usual  case,  in  which  the  discharge  takes 

*  Thus  when  P^  2.117  lbs.  per  square  foot  and  T  la 
521°  (60°  F. )  the  Ideal  discharge  per  second  per  square 
loot  ot  orifice  will  be  as  follows  : 

1        1  2  3*4  5     Inches  of  water. 

*f    5  060    7.155    8,7&4     10.12    11.312  lbs.  per  second. 


place  into  the  atmosphere,  P  is  approximately 
2,117  pounds  per  square  foot  and 


M'=  0.6299  d' 


T (4) 

This  equation  is,  of  course,  of  the  same  form 
as  Fliegner's  well  known  formula. 

II.  It  will  be  found  that  up  to  a  pressure  of 
about  20  inches  of  water  (or  0.722  pounds  per 
square  inch)  above  the  atmospheric  pressure, 
the  results  of  formulae  (2)  and  (4)  agree  very 
closely.  At  higher  differences  of  pressure  di- 
vergence becomes  noticeable.  For  example,  if 
/*]  —P,  =  bo  inches  of  water  or  2.166  pounds 
per  square  inch,  we  have  from  (4),  if  P^^ 
2.11'^  pounds  per  square  foot  and  r  =  6o  de- 
grees Fahr.) — for  a  3  inch  orifice. 


W  =  06299  d' 


r  ==0.6299x9  X 


4 


60^ 
521 

=  1.892  lbs.  per  second.     In  the  case  of  adi- 
abatic  expansion,  from  (2)  we  get 

,  IP. 

W  =0.000iU0ld'  P,yJ 


{rf  =  ^f 


0  00049011  X  9  X  2,422 


V.8735'^5_  .8735'^" 
=  0  00049011  X  9  +  2.422  x  0.1766 
=  1885  lbs.  per  second. 
The  discharge  as  calculated  by  Fliegner's  form- 
ula would  be 


i.oqF^ 


\PAP.-P.) 


=  1.06x7.07 


14  7  X2.166 
^521 

=  1.06  X  707  X  0.2471 

=  1.852  lbs.  per  second. 
Even  at  the  low  pressures  here  considered 
Fliegner's  rule  gives  results  agreeing  much 
more  nearly  with  those  of  equations  (2)  and 
(4)  than  with  the  discharge  actually  measured. 
Thus  for  a  3  inch  orifice  we  have: — 

IDEAL    DlSCH.\KOE     Head=l    2         3  4       6  Ins  of 

(pounds  per  second,  water. 

By  equation  (4).... 0.24X    0.^51     0.430    0  496    0.655 

By  equation  (2).... 0.24«     0  350     0.421»     0.4U5     0.553 

Discharge  l>y  Flieg- 
ner's rule 0.2.32     0.:KW     0.415     0.4H5     0.535 

Actual  wplghtuf  air 
per  second  as 
found  from  ex- 
iierlmente  and 
curves 0.149    0.210    0.257    0.296    0.331 

12.  It  is  thus  evident  that  the  above  form- 
ulae for  the  ideal  amount  of  air  discharged 
require  the  use  of  a  coeflicient  of  discharge  in 
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order  that  the  actual  discharge  may  be  com- 
puted by  their  aid,  and  to  determine  such  a 
coefficient  of  discharge  for  a  given  orifice,  it  is 
necessary  to  measure  the  actual  discharge  and 
compare  it  with  the  amount  calculated  by  such 
a  formula  as  (2)  or  (4).  These  two  form- 
ulae give  results  which  differ  so  little  within 
the  limits  of  pressure  here  dealt  with,  that  the 
latter  has  been  chosen  for  use  in  this  paper. 
Fig.  I  shows  the  ideal  discharge  calculated  by 
the  two  formulae  for  a  3  inch  orifice  for  vari- 
ous heads ;  their  close  agreement,  within  lim- 
its even  greater  than  those  of  the  experiments, 


100  Inches  of  Water 


compressor  was  stored  in  cast  iron  reservoirs 
whose  combined  volume  was  about  90  cubic 
feet.  With  this  apparatus  it  was  not  found 
possible  to  discharge  more  than  8-10  of  a  pound 
of  air  per  second  without  getting  too  rapid  a 
fall  of  pressure  in  the  reservoirs,  and  it  was 
accordingly  determined  to  limit  the  experi- 
ments to  orifices  less  than  5  inches  diameter 
and  to  work  only  with  differences  of  pressure 
up  to  5  inches  of  water.  The  data  obtained, 
however,  made  it  possible  to  continue  the 
curves  with  reasonable  accuracy  so  as  to  give 
coefficients  of  discharge  for  orifices  up  to,  say. 


is  evident. 

13.     The  numbers  given  in  table  IV  are  the 
values  of  C  in  the  expression, 

Actual     discharge     in     pounds     per    second 


=  0.6299  Cd 


'\T 


It  is,  of  course,  understood  that  they  hold  good 
only  for  orifices  of  the  particular  form  ex- 
perimented with,  and  bored  in  plates  of  the 
same  thickness. 

Scope  of  Experiments. 
14.  The  largest  air  compressor  available 
was  a  two  stage  belt  driven  machine  capable 
of  compressing  about  350  cubic  feet  of  free 
air  per  minute  to  a  pressure  of  100  pounds 
per    square   inch.— The   air   delivered   by    this 


six    inches   diameter    and    for    differences    of 
pressure  up  to  si.x  inches  of  water. 

Description  of  Apparatus  and  Methods  of 
Experiment. 

15.  The  general  arrangement  of  the  appara- 
tus is  shown  in  Fig.  2.  The  reservoirs  R  dis- 
charged into  the  gauging  box  B  tlirough  a 
quick  clo.sing  gate  valve  V.^  and  a  regulating 
valve  V.,.  After  leaving  these  valves  the  air 
passed  at  low  pressure  through  a  heater  H, 
consisting  of  a  number  of  thin  sheet  iron  boxes 
immersed  in  a  tank  of  water  whose  tempera- 
ture could  be  varied  as  desired. 

16.  The  gauging  box,  shown  in  detail  in 
Fig.  3,  was  of  I  inch  pine  made  air  tight  by 
pitch  on  the  inside.     It  was  6  feet  long  and  10 
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inches  by  lo  inches  inside  dimensions.  Near  the 
end  at  which  the  air  entered,  suitable  baffle 
plates  were  placed  as  shown.  The  connection 
for  the  U  tttbe  for  measuring  the  head  was 
placed  near  the  middle  of  the  box. 

17.     The    air   reservoirs    (R,   Fig.    2)    were 
built    up   of   C3-Iindrical    flanged   castings    con- 


r-ioo  of  I  per  cent,  on  the  4  inch  orifice. 

18.  The  orifices  were  carefully  bored  in  iron 
plates  No.  15  Brow-n  &  Sharp e  Wire  Gauge 
(0.057  inch  thick),  and  were  true  to  size  with- 
in 5-1,000  inch.  In  calculating  the  ideal  dis- 
charge, the  size  measured  correctly  to  within 
1-1,000  inch  by  a  vernier  caliper,  was  used  in 


FIG.    3.      DET.\ILS   OF    GAUGING    BOX   .\XD   ORIFICE. 


nected  by  bolts.  The  joints  were  made  w'ith 
asbestos  millboard,  soaked  in  boiled  oil,  and 
as  it  was  necessary  to  use  fairly  high  pressure 
in  the  reservoirs  in  order  to  get  experiments 
of  sufficient  length  on  large  orifices,  some  dif- 
ficulty was  experienced  in  keeping  the  joints 
tight.  The  leak  was  carefully  measured  and  it 
was  found  that  at  the  highest  pressure  it  did 
not  exceed  0.0005  pounds  per  second,  while  at 
low  pressure  its  amount  was  negligible.  The 
results  of  the  leak  tests  were  correct  to  within 
at  least  10  per  cent.,  and  therefore  the  great- 
est possible  error  made  in  allowing  for  the 
leak  would  be  0.00005  pounds  per  second,  not 
more  than  3  per  cent,  of  the  whole  discharge 
on    the    5-16    inch    orifice,    and    decreasing   to 


each  case.  The  effect  on  the  result  due  to 
inaccuracy  in  measurement  of  orifice  diameter 
would  therefore  not  exceed  7-10  of  i  per  cent., 
on  the  5-16  inch  orifice,  while  on  the  i  inch 
orifice  it  would  be  less  than  1-5  of  i  per  cent, 
and  on  larger  orifices  would  be  smaller  still. 

19.  The  orifice  plates  were  secured  to  the 
end  of  the  box  in  such  a  way  as  to  be  easily 
removed  and  interchanged.  The  joint  between 
plate  and  box  was  made  tight  with  rubber 
cord. 

20.  The  temperature  of  the  air  in  the  box 
was  measured  by  a  thermometer  placed  near 
the  middle  of  its  length.  This  reading  was 
checked  at  intervals  by  means  of  a  thermo- 
meter suspended  lengthwise  in  the  jet,  and  wa.s 
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never  found  to  vary  more  than  one-tenth  of 
I  per  cent,  from  the  actual  absolute  temper- 
ature in  the  orifice,  except  in  the  high  temper- 
ature trials.  In  these  trials  three  thermometers 
placed  at  different  distances  from  the  orifice 
were  used  and  from  their  readings  the  actual 
temperature  in  the  orifice  was  deduced. 

21.  Standard  mercury  thermometers  were 
used  to  measure  the  temperature  of  the  air 
in  the  reservoir.  They  were  inserted  through 
rubber  packer  stuffing  boxes  so  that  the  bulb 
came  into  actual  contact  with  the  air  and  was 
therefore  exposed  to  the  pressure  in  the  reser- 
voir. This  pressure  increased  the  reading 
about  I  degree  for  every  lOO  pounds,  which 
was  allowed  for  correctly  to  within  0.05  de- 
gree. The  thermometers  were  graduated  in 
degrees  and  tenths  Fahr.,  and  were  such  that 
temperatures  read  from  them  were  correct  to 
within  o.i  degree.  The  error  on  500  degrees 
(the  approximate  absolute  temperature)  would 
therefore  be  less  than  0.03  of  i  per  cent. 

22.  For  measuring  the  pressure  in  the 
gauging  box,  the  U  tube  T  (Fig.  2)  was  placed 
in  a  convenient  position  for  the  eye  of  the  per- 
son operating  the  regulating  valves  and  was 
connected  to  the  box  by  rubber  tubing.  A 
scale  of  half  inches  divided  on  blackened  glass 
was  placed  behind  one  leg  of  the  U  tube  so  as 
to  read  inches  of  head,  and  was  illuminated  by 
an  incandescent  light  suspended  behind  it.  To 
avoid  parallax  the  scale  was  read  through  a 
small  telescope  fastened  with  a  clip  so  as  to 
slide  up  and  down  the  leg  of  the  U  tube.  The 
scale  was  graduated  correctly  to  within  2-1,000 
inch ;  the  resulting  possible  error  would  there- 
fore not  exceed  4-10  of  i  per  cent,  on  the  i 
inch  head  and  would  be  about  i-io  of  i  per 
cent,  on  the  4  inch  head.  As  the  meniscus  was 
magnified  considerably  by  the  telescope,  the 
error  in  reading  its  position  would  probably 
not  be  more  than  2-1.000  inch,  leading  to  an 
error  of  the  same  amount  as  that  just  men- 
tioned, in  the  final  result. 

2.3.  The  pressure  in  the  reser\'oir  was  meas- 
ured by  Standard  Crosby  gauges  which  were 
carefully  calibrated  on  the  dead  weight  gauge 
tester.  On  trials  on  the  smaller  orifices  a  gauge 
graduated  in  pound  per  square  inch  was  used. 
This  gauge  could  be  read  correctly  to  within 
l-io  of  a  pound  per  square  inch,  parallax  being 
avoided  by  aligning  the  pointer  with  its 
shadow  thrown  on  the  dial  by  a  small  lamp 
suspended   opposite   the   center  of  the   gauge. 


Where  the  difference  between  the  initial  and 
final  pressures  was  not  less  than  fifty  pounds 
per  square  inch,  the  error  would  not  exceed 
1-5  of  I  per  cent.  As  it  was  very  difficult  to 
keep  the  head  constant  when  the  reservoir 
pressure  became  low  in  trials  on  the  larger 
orifices,  the  range  of  pressure  was  shortened 
for  these  trials,  and  gauges  graduated  in  tenths 
of  a  pound  were  then  used,  giving  readings 
correct  to  0.02  pound,  so  that  the  error  on  a 
range  of  twenty  pounds  would  not  exceed  i-io 
of  I  per  cent. 

24.  The  reservoirs  were  provided  with  drain 
cocks  so  that  water  condensing  from  the  vapor 
in  the  air  pumped  in  could  be  drawn  off.  The 
drains  were  opened  so  frequently  that  never 
more  than  a  pound  of  water  was  collected, 
which  would  make  an  error  of  less  than  1-40 
of  I  per  cent,  on  a  reservoir  volume  of  90 
cubic  feet. 

25.  In  certain  trials  on  the  smaller  orifices, 
a  small  wrought  iron  reservoir  (volume  4-294 
cubic  feet)  was  used  with  the  object  of  getting 
a  wide  range  of  pressure  in  a  short  time,  and 
also  of  checking  results  obtained  from  the  large 
reservoir.  From  this  reservoir  there  was  no 
leak,  and  other  errors  were  of  the  same  order 
as   those  previously  mentioned. 

26.  As  mentioned  above,  some  difficulty  was 
experienced  in  keeping  the  pressure  uniform  in 
the  gauging  box  when  the  discharge  was  great. 
This  was  partially  remedied  by  stopping  the 
trial  before  the  pressure  in  the  reservoir  had 
fallen  too  low.  It  was  almost  completely  ob- 
viated by  attaching  to  the  spindle  of  the  regu- 
lating valve  a  grooved  pulley  and  leading  a 
cord  from  its  rim  over  guide  pulleys  to  a 
weight  {IV,  Fig.  2)  of  about  ten  pounds.  It 
was  then  found  that  the  valve  could  be  opened 
much  more  uniformly  by  resisting  the  action 
of  the  weight  than  by  moving  the  valve  wheel 
directly.  By  this  means  the  fluctuations  were 
reduced  to  less  th?n  2  per  cent,  of  the  head, 
and  the  trials  were  so  long  that  the  error  in 
measuring  the  head  was  substantially  only  that 
already  mentioned  due  to  inaccurate  reading 
and  to  imperfect  graduation  of  the  scale. 

27.  Time  was  measured  on  some  of  the 
trials  by  an  ordinary  watch,  on  others  by  a 
stop  watch,  and  on  others  by  a  recording 
chronograph.  The  ordinary  watch  was  used 
on  trials  of  5  minutes  duration  and  longer, 
and  as  it  could  be  read  correctly  to  within 
half  a  second,  the  error  in  an  experiment  last- 
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ing  20  minutes  would  not  exceed  0.08  of  i  per 
cent.  On  trials  of  two  or  three  minutes  the 
stop  watch  was  used  with  an  error  less  than 
1-6  of  I  per  cent.  The  chronograph,  which 
made  its  records  automatically,  was  used  on 
trials  of  less  than  two  minutes  duration  and 
gave  readings  correct  to  within  1-50  second. 
As  the  shortest  trial  occupied  at  least  30  sec- 
onds, the  error  would  not  be  greater  than  1-15 
of  I  per  cent.  The  trials  were  started  and 
stopped  by  means  of  a  quick  opening  gate  valve 
F  (Fig.  2),  placed  between  the  regulating 
valve  and  the  reservoir,  the  chronograph  cir- 


cuit  being   closed    as   the    handle   of   the   gate 
valve  passed  its  mid  position. 

28.  The  volume  of  the  reservoir  was  meas- 
ured by  weighing  the  amount  of  water  neces- 
sary to  fill  it.  The  water  was  weighed  in  tanks 
holding  100  pounds,  on  scales  reading  correct- 
ly to  half  an  ounce,  so  that  the  error  could  not 
exceed  1-16  of  i  per  cent.  The  total  volume 
of  the  three  parts  of  the  reservoir  and  the 
piping  was  found  to  be  91.881  cubic  feet.  The 
various  errors  just  discussed  are  enumerated 
in  Table  I. 

(  To  be  Concluded. ) 


TABLE  I. 
Sources  of  Error. 


OPEE.iTION. 


EEEOB  IN  PER  CENT. 


%8-lnch  Orifice.    4-inch  Orifice. 
1-lnch  Head.        4-lnch  Head. 


Allowing  for  leak 

Eeading  pressure  In  resen'olr 

Reading  temperature  in  reservoir 

Finding  volume  of  temperature  in  reservoir 
Allowing  for  condensed  water  in  reservoir. 

Measuring  area  of  orifice 

Tailing  temperature  in  box 

Graduating  V  tube 

Rending  from  tube 

Measuring  time 


-1-3.0 

-1-0.01 

-1-0.2 

-1-0.2 

-h0.03 

-1-0.03 

-1-0.07 

-f0.07 

—0.025 

—0.025 

-1-0.7 

-1-0.. 05 

-K».l 

-1-0.1 

-hO.4 

-(-0.1 

-1-0.4 

-fO.l 

-1-0.08 

-1-0.06 

TABLE  IL 

Experiments   Showing  Effects  of  Temperature  of  Air. 

Diameter  of  orifice,  i  inch.    Difference  of  pressure,  3  inches  of  water. 


1 

2 

3 

4 

5 

6 

Corrected  dis- 

Temperature In 

Actual  discharge 

charge  as  taken 

Square  Root 

Product 

Expt.  No. 

(iauglug  Box. 

as  measured. 

from  curves. 

of  abs. 

Column  5  x 

Deg.Fahr.,  abs. 

Lbs.  per  Second. 

Fig.  II. 
Lbs.  per  Second. 

Temperature. 

Column  4 

1.51 

616.1 

0.02938 

0.02910 

22.72 

0.6612 

152 

.525.5 

0.02901 

0.02895 

22.92 

0.6a32 

1.53 

525.!) 

0.02934 

0.02893 

22.93 

o.6(;;m 

1,54 

526.3 

0.02881 

0.02890 

22.94 

0.6630 

1.55 

.537.0 

0.02K27 

0.02860 

23.17 

0.6627 

156 

,542.4 

0.02864 

0.028.50 

23.29 

0.6638 

1.57 

.546.8 

0.02832 

0.02K35 

23.38 

0.6628 

158 

.548.1 

0.02984 

0.02830 

23.41 

0.6626 

1.5!t 

.549.6 

0.02767 

0.02825 

23.45 

0.6625 

160 

561.8 

0.02f>,37 

0.02795 

23.70 

0.6624 

161 

563.3 

0.03004 

0.02790 

23.73 

0.6621 

162 

567.6 

0.026,36 

0.02775 

23.82 

0.6610 
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TABLE  III. 

Mean   Discharge  ix   Pounds  per  Square  Fwjt  of  Orifice  per  Second,  as 

Found  from  Experiments. 


Diameter 

1-inoh  Head 

2-inch  Head 

3-inch  Head 

4-inch  Head 

5-inch  Head 

of  Orifice. 

Discharge 

Discharge 

Discliarge 

Discharge 

Discharge 

Incbes. 

1      per  Sq.  Ft. 

1 

per  Sq.  Ft. 

per  Sq.  Ft. 

per  Sq.  Ft. 

per  Sq.  Ft. 

0.312.5 

3.060 

4.aJ6 

5.395 

6.188 

7.024 

0.. 500.5 

3.012 

4.2t)7 

5.-242 

6.129 

6.821 

1.0O-2 

3.058 

4.341 

5.348 

6.214 

6.838 

1.50.5 

3.050 

4.2.57 

5.-2-22 

6.071 

6.775 

2.00-2 

2.98:} 

4.286 

5. -284 

6.107 

6.788 

2.502 

3.041 

4.30:j 

5. -2-24 

5.i»91 

6.762 

3.001 

3.078 

4.297 

5.219 

6.o:« 

6.802 

3.497 

3.051 

4.2.58 

5.-202 

5.i»66 

6.814 

4.002 

3.046 

4.3-25 

5. -264 

5.951 

6.774 

4.506 

3.075 

4.383 

5. .508 

6.260 

7.028 

TABLE  I\'. 
Coefficient  of  Discharge  for  Various  Heads  and  Diameters  of  Orifice. 


Diameter  of 
Orifice.   Inches. 


1-inch  Head.  I  2-inch  Head.     3-inch  Head.     4-inch  Head.     .5-lnch  Head. 


Vie 

o.eas 

0.606 

0.610 

0.613 

0.616 

>i 

0.602 

0.605 

0.608 

0.610 

0.613 

1 

0.601 

0.603 

0.603 

0.606 

0.607 

m 

0.601 

0.601 

0.6O2 

0.603 

0.603 

2 

0.6f>0 

0.600 

0.600 

0.600 

0.600 

m 

0..599 

0..599 

0..599 

0..598 

0.598 

3 

0..599 

0.598 

0..597 

0..596 

0..596 

3}i 

0.599 

0..597 

0..596 

0..595 

0.594 

i 

0.598 

0.597 

0.595 

0.594 

0.593 

.          ^'-i 

0.598 

0.596 

0.596 

0.593 

0.592 

t- 

Weight  of  air  discharged  per  second  ==  0.6299  Cii-\  y  lbs. 
at  30  inches.) 


(Barometer 


TABLE  V. 
Correctf.d  Actual  Discharge  in  Pounds  per  Second  at  60  Degrees  Fahr. 
AND  14.7  Pounds  Barometric  Pressure  for  Circular  Orifices  in  Plate 
0.057  Inches  Thick. 


DiAOBAM  OF  Orifice  i» 

I.VCHES 

Head 

Inches 

0.3125 

0.500 

1.000 

1.500 

2.000 

2.500 

3.000 

3.500 

4.000 

4.500 

5.000 

1^ 

0  00114 

0.(X>-><.»3 

0.0117 

0.0263 

0.O46H 

0.0732 

0.10.5 

0.143 

0.1K7 

0.2:J7 

0.2'.t2 

1    2 

0.00162 

0.00416 

O.OIW 

0.o:J73 

0.06<M 

0.1(« 

0.149 

0.-202 

o.-2i;i 

0..3:n 

0.413 

i.'-i 

O.OOIW 

0.00510 

0.0-2l« 

0.04.57 

O.OHll 

0.1-27 

0.1H2 

0.'24H 

o.32:» 

0.40.) 

0..i0.5 

2 

0.00-231 

0.(K).5'.M) 

tt.itart 

0.0.5-28 

0.(K»37 

0.146 

0.210 

0.-2H5 

0.373 

0.471 

0..5H2 

2'-i 

0.002.59 

0.00*-><'.2 

O.IC2t« 

0.0-V.ll 

0.10.5 

O.lf^j 

o.-2:r> 

0.319 

0.416 

0..5-26 

0.649 

3 

0.00'285 

0.007-26 

0.(r289 

0.0<>4H 

0.115 

0.179 

0.-257 

0.349 

0.4.5.5 

()..575 

0.710 

314 

0.00308 

0.0O7W. 

0.(»:il2 

0.0700 

0.1-24 

0.19:» 

0.-277 

0.377 

0.491 

0.621 

0.76'; 

1 

0.00330 

0.00H42 

(•.((tU 

0.0749 

0.1:« 

0.-2(Mi 

0.-29t) 

0.40-2 

0.. 5-2.5 

0.66:j 

0.817 

4>i 

0.003.51 

O.OOH.to 

0.(W.55 

0.0794 

0.141 

0.-219 

0.314 

0.426 

0..V>6 

0.702 

0.H65 

5 

0.00:}71 

0.(X)945 

0.o:J75 

0.08:W 

0.148 

o.-i:ji 

o.:«l 

0.449 

0..584; 

0.739 

0.912 

5H 

0.00390 

O.OOIKW 

0.(«93 

0.fJ879 

0.1.55 

0.-242 

o.:«7 

0.471 

0.613 

0.774 

O.OW 

6 

0.0O4O8 

0.0104 J 

0.0411 

o.o.tis 

0.162 

0.2 -.2 

0.362 

(».:'.i2 

l).t-ilil 

O.K(»S 

O.'.Mi 
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TABLE  VI. 


RESERTOIB 

Diam. 

Duration 

Corrected 

actual 

No. 

of 

Head 

of 

Abs. 

Abs 

Box 

Actual 

discharge 

of 

Orifice 

ins. 

trial. 

Pressures 

Temperature 

Temp. 

discharge 

at  60 '  F. 

trial. 

ins. 

water 

Sees 

Abs. 

Lbs.  Sec 

and 

14.7  lbs. 

Initial. 

Final. 

Initial. 

Final. 

1 

^48 

1 

1,260 

88.8 

83.4 

520.1 

520.0 

518.6 

.002033 

.001628 

2 

1 

3.900 

95.4 

'78.7 

520.1 

520.0 

518.5 

.002040 

.001631 

3 

2 

1,200 

71.8 

64.8 

519.9 

519.8 

520.0 

.002758 

.002430 

4 

2 

3,600 

78.2 

58.7 

520.0 

519.8 

520.0 

.002.592 

.002264 

5 

2 

508 

78.2 

19.4 

542.8 

531.5 

534.0 

002463 

.002236 

6 

3 

1,200 

57.6 

49.7 

520.0 

519.8 

521.0 

.003149 

.002879 

7 

3 

1.200 

49.7 

41.8 

519.8 

.519.8 

521.3 

.0031.52 

.002912 

8 

3 

3,600 

57.6 

34.5 

520.0 

519.8 

521.3 

.003072 

.002832 

9 

i 

1,800 

92.14 

78.22 

520.9 

.520.6 

521.4 

.003677 

.003292 

10 

i 

1,560 

78.22 

66.31 

520.6 

520.5 

.520.5 

.003637 

.003296 

11 

i    ' 

4,080 

92.14 

60.79 

.520.9 

520.4 

520.2 

.003665 

.003262 

12 

4 

373 

92.5 

27.6 

542.3 

530.6 

531.2 

.003699 

.003333 

13 

5 

2,400 

59.9 

39.8 

520.4 

519.9 

521.5 

.003998 

.003748 

14 

5 

2,700 

101.18 

77.39 

522.1 

520.1 

522.2 

.0041.57 

.0037.51 

15 

5 

3,900 

101  18 

67.27 

522.1 

520.5 

522.3 

.004109 

.003723 

TABLE  VH. 


Reservoir 

Diam. 

Duration 

Corrected 

actual 

No. 

of 

Head 

of 

Abs 

Abs. 

Box 

.\ctual 

discharge 

of 

Orifice 

ins. 

trial 

Pressures. 

Temperature 

Temp. 

discharge 

at  60°  F 

trial. 

ins. 

water 

Sees. 

Abs. 

Lbs.  Sec. 

and 

14.7  lbs. 

luitial. 

Flual. 

Initial. 

Final. 

16 

Yi 

1 

3,398 

96.8 

63.7 

529.2 

523.4 

.524.5 

.004482 

.004123 

17 

1 

1,1.53 

96.8 

85.0 

529.2 

524.0 

.524.4 

.004468 

.004067 

18 

1 

2,245 

85.0 

63.7 

524.0 

523.4 

.521.5 

.004489 

.004155 

19 

2 

2,427 

96.8 

64.7 

524.9 

522.6 

.524.4 

.006227 

.005869 

20 

2 

1,276 

96.8 

79.9 

524.9 

523.2 

.524.4 

.006200 

.00.5822 

21 

2 

1,151 

79.9 

64.7 

523.2 

522.6 

.524.1 

.006247 

.005924 

22 

3 

2,992 

103.0 

54.6 

528.8 

523.1 

524.9 

.007518 

.007177 

23 

3 

1,081 

103.0 

85.0 

528.8 

524.1 

.524.5 

.007482 

.007078 

24 

3 

1,911 

85.0 

54.6 

524.1 

523.1 

525.0 

.007.541 

.007236 

25 

4 

2,126 

93.8  - 

54.6 

525.3 

522.9 

523.4 

.008674 

.008346 

26 

4 

1,036 

93.8 

74.7 

525.3 

523.5 

523.0 

.008600 

.008322 

27 

4 

1,090 

74.7 

54.6 

523.5 

522.9 

.523.8 

.008744 

.008457 

28 

5 

981 

94.8 

74.7 

526.4 

524.6 

-  .518.9 

.(H)9561 

.009185 

29 

5 

533 

65.7 

54.6 

524.3 

522.8 

521.1 

.009757 

.009457 

TABLE  VIIL 


Reservoir 

Corrected 

No. 

Diam.  Head 

Orifice  ^ater 
ins. 

Duration 

of 

trial. 

Sees. 

Box 

Temp. 

Actual 
dischatge 

actual 

of 

Abs. 

Abs. 

di.scharg© 

trial 

Pressures. 

Temperature 

Abs. 

Lbs.  Sec. 

and 

InitiaL 

Final. 

Initial. 

Final. 

14.7  lbs. 

30 

1 

1 

412 

87.0 

72.5 

522.6 

521.0 

519.1 

.01643 

.01603 

31 

1 

833.67 

94.17 

63.39 

522.1 

521.4 

513.8 

.017.52 

.01699 

32 

1 

870.14 

93.51 

60.90 

.521.1 

518.8 

515.5 

.01773 

.01723 

33 

2 

1,1.57 

92.1 

32.6 

529.5 

518.0 

520.0 

.02389 

.02.3.57 

34 

2 

587 

62.5 

32.6 

519.6 

518.0 

520.2 

.02432 

.02406 

35 

2 

1,147 

92.1 

32.6 

533.1 

518.2 

520.4 

.02384 

.023.53 

36 

1 

2 

587 

62.5 

32.6 

520.0 

518.2 

520.1 

.02424 

.02398 

37 

1 

3 

478 

60.5 

30.6 

520.1 

518.6 

522.1 

.02984 

.02963 

38 

3 

-748 

83.9 

.36.5 

524.5 

520.6 

521.7 

.02990 

.02963 

39 

3 

1,020 

91.3 

27.5 

522.6 

518.2 

516.1 

.02967 

.02925 

40 

4 

676 

94.8 

44.8 

523.4 

517.0 

520.1 

.03477 

.03440 

41 

4 

658 

94.8 

44.8 

535.8 

517.4 

524.6 

.0,3415 

.03393 

42 

4 

776 

91.8 

34.6 

528.8 

515.4 

519.8 

.03414 

.0.3379 

43 

1 

6 

593 

94.8 

44.8 

538.8 

518.5 

518.5 

.03758 

.03715 

44 

5 

588 

94.8 

44.8 

537.9 

518.3 

518.8 

.03798 

.03756 

45 

5 

587 

94.8 

44.8 

538.0 

518.3 

518.7 

.03806 

.03764 
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REFUGE  CHAMBERS  IN  COAL 
MINES. 

We  publish  in  this  issue  a  paper  read  by  Mr. 
J.  L.  Dixon.  E.  M.,  at  the  meeting  of  the  Min- 
ing Institute  of  Pittsburg,  June  20th  last.  Mr. 
Dixon  has  written  very  intelligently  upon  the 
subject,  "Uses  of  Compressed  Air  in  Coal 
]\Iines."  Anything  on  this  subject  from  Mr. 
Dixon  is  of  interest  and  value  because  of 
its  practical  nature.  Mr.  Dixon  is  an  engineer 
thoroughly  familiar  with  coal  mining,  especial- 
ly in  connection  with  power  plants.  He  does 
not  attempt  to  claim  everything  for  com- 
pressed air,  but  he  specifies  those  special  uses 
of  compressed  air  which  have  made  it  so  in- 
valuable in  coal  mining.  For  instance,  haul- 
age, by  locomotives  and  by  stationary  engines, 
coal  cutting  and  drilling  by  percussive  and 
rotary  machines,  pumping,  shearing  in  entries 
and  rooms,  and  to  those  useful  applications, 
with  which  most  mining  engineers  are  familiar, 
he  adds  the  "Proposed  method  of  saving  life 
by  and  with  compressed  air."  This  sugges- 
tion has  the  virtue  of  novelty  and  it  is  worthy 
of   the   serious   consideration   of   mining   men. 

It  IS  proposed  to  equip  every  mine  with  life- 
saving  stations  or  chambers  of  refuge.  These 
chambers  might  be  excavated  in  the  coal  and 
approached  by  long,  narrow  entrances  which 
could  easily  be  rendered  explosion  proof.  The 
chambers  are  to  be  connected  with  the  surface 
by  a  compressed  air  line,  which  can  be  put 
down  a  bore  hole  directly  into  the  chamber.  It 
has  recently  been  found  that  rotary  core 
drills  which  are  capable  of  boring  holes  of 
large  diameter,  and  without  the  use  of  dia- 
monds are  especially  suited  for  boring  entry 
holes  into  mines,  and  there  appears  to  be  no 
difficulty  in  the  way  of  a  special  compressed 
air  pipe  line  leading  to  these  refuge  chambers 
and  serving  to  keep  them  supplied  with  fresh 
air  in  the  event  of  an  explosion.  To  save  one 
life  by  a  safeguard  of  this  kind  would  in  itself 
warrant  the  expenditure,  and  we  trust  that 
those  interested  in  the  subject  will  read  all 
that  Mr.  Dixon  has  to  say  and  that  they  will 
aid  in  putting  the  suggestion  to  practical  use. 


DENATURED  ALCOHOL  AGAIN. 

ill  rcociu  i:-sucs  ul  C(i.\in<E.ssEU  .\ik  wc  have 
devoted  considerable  space  to  the  subject  of 
denatured  alcohol,  its  possible  future  and 
methods  of  manufacture.  Now  conies  word 
from  the  Department  of  .Agriculture  that  an 
investigation  into  the  possibilities  of  alcohol  as 
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a  fuel  in  small  gas  engines  is  about  to  be  car- 
ried out  by  Prof.  Chas.  E.  Lucke,  of  Colum- 
bia University,  New  York  City,  as  a  result  of 
the  passage  of  the  bill  allowing  the  sale  of 
alcohol  without  the  internal  revenue  tax.  The 
Department  of  Agriculture  has  decided  to  pub- 
lish a  bulletin  on  the  first  of  January  ne.xt. 
when  this  law  goes  into  effect,  giving  the  pub- 
lic a  collection  of  the  best  obtainable  data  on 
the  use  of  denatured  alcohol  as  a  motive 
power  in  internal  combustion  engines.  For 
this  purpose  it  has  retained  Prof.  Lucke  as  the 
department  expert  to  conduct  the  necessary  in- 
vestigations in  the  laboratories  of  Columbia 
University. 

When  this  law  goes  into  efifect  very  large 
quantities  of  denatured  alcohol  will  be  used  as 
fuel  in  automobiles,  boats,  and  for  stationary 
work.  The  advantages  of  alcohol  for  these 
purposes  are  numerous,  especially  the  lack  of 
odor  in  combustion  and  safety  from  fire  over 
kerosene  or  gasolene,  because  it  is  possible  to 
put  out  an  alcohol  fire  with  water,  where  it  is 
impossible  to  extinguish  either  of  the  others  in 
this  wav. 

In  spite  of  the  fact  that  a  great  de?.l  has 
been  done  to  secure  the  passage  of  the 
bill  there  is  very  little  information  of 
value  on  the  subject  to  be  found.  Prof. 
Lucke  will  collect  the  results  of  the  experi- 
ments conducted  on  the  use  of  alcohol  in  en- 
gines which  have  been  carried  out  both  here 
and  abroad  and  will  expand  the  information 
hv  further  experiments,  inviting  all  those  who 
have  patents  on  vaporizers,  carburettors  or 
complete  engines  to  submit  the  apparatus  to 
tests  in  his"  laboratory.  These  tests  will  be 
conducted  without  any  expense  whatever  to 
the  public,  except  the  transportation  of  appara- 
tus, the  reports  of  the  test  being  published 
in  the  before  mentioned  bulletin.  Any  data  or 
shipments  should  be  addressed  to  Prof.  Chas. 
E.  Lucke  at  Columbia  University,  and  they 
will  be  returned  when  the  work  is  completed, 
due  acknowledgement  being  given  for  the  as- 
sistance rendered.  It  is  to  be  hoped  that, 
should  any  of  our  readers  possess  apparatus 
of  this  mture,  that  they  will  take  advantage 
of  this  offer. 


SUPERHEATED  STEAM. 

We  note  in  a  recent  issue  of  the  Engiuccr- 
ing  Record  a  very  able  editorial  on  the  sub- 
ject of  superheated  steam  in  which  are  brought 
out  points  of  which  very  few  people  possess 
a  clear  understanding.  For  instance,  not  many 
engineers  realize  that  the  improvement  in 
economy  from  the  use  of  superheated  steam  is 
not  due,  except  in  very  small  measure,  to  the 
mere  fact  of  increase  in  temperature  in  the 
steam  fed  to  the  engine,  or  to  the  influence  of 
such  increase  in  temperature  on  what  is  com- 
monlv  known   as   the   thermodynamic  or   ideal 


efficiency  of  the  engine.  One  of  the  erroneous 
views  which  has  occasionally  misled  engineers 
is  that  the  improvement  in  economy  traces 
back  to  the  familiar  law  of  thermodynamics 
which  expresses  the  economy  of  the  ideal  Car- 
not  cycle  in  the  form  (  Ti  —  T2  )  -^  Tr  where 
Ti  and  T2  are  the  upper  and  lower  tempera- 
tures of  the  isothermal  paths  along  which  all 
the  heat  is  either  received  or  rejected.  Reason- 
ing then  that  superheating  means  an  elevation 
of  temperature  in  the  entering  steam,  it  has 
seemed  an  easy  step  to  ascribe  the  general  im- 
provement in  economy  to  a  corresponding  di- 
rect increase  in  the  ideal  or  thermodynamic 
efficiency  of  a  superheated  steam  cycle.  A 
moment's  thought  shows  the  error  in  this  as- 
sumption. This  formula  quoted  above  refers 
to  the  Carnot  cycle,  and  in  which  the  heat 
given  to  the  working  substance  is  all  commun- 
icated at  the  upper  temperature,  Ti  while  in 
the  case  of  superheated  steam  by  far  the  larger 
part  of  the  heat  is  communicated  at  the  tem- 
perature of  boiling,  distinctly  lower  than  the 
upper  or  superheat  temperature,  onlj^  a  com- 
paratively small  part  of  the  heat  being  com- 
municated at  the  gradually  increasing  tem- 
perature due  to  the  superheat  condition.  If, 
indeed,  the  steam  could  be  expanded  in  a 
truly  adiabatic  manner  and  the  remainder  of 
the  cycle  could  be  carried  out  strictly  accord- 
ing to  the  Carnot  ideal,  we  should  still  fall 
far  short  of  any  such  ideal  economy  as  ex- 
pressed in  the  formula  (  Ti  —  T2  )  -=-  Ti.  In  a 
typical  case  and  in  commercial  terms,  the 
conditions  would  be  somewhat  as  follows : 
The  heating  of  one  pound  of  water  from  the 
lower  temperature  to  that  of  boiling  would 
mean  the  investment  of  about  230  B.t.u.  at  an 
ideal  efficiency  of  about  14  per  cent.  The  pro- 
duction of  one  pound  of  saturated  steam  would 
mean  the  further  investment  of  about  860  B.t. 
u.  at  an  ideal  efficiency  of  about  28  per  cent., 
while  the  superheating  of  this  by  120°  would 
mean  the  investment  of  some  66  B.t.u.  at  an 
ideal  efficiency  of  some  32  per  cent.  The  aver- 
age working  efficiency  or  earning  power  of  this 
investment  is  seen  to  be,  even  in  the  ideal 
case,  far  below  the  36  per  cent.,  which  would 
represent  the  value  as  given  by  the  formula 
quoted  above,  where  Ti  is  superheat  tempera- 
ture. In  fact,  the  amount  of  heat  involved  in 
the  operation  of  superheat  is  comparatively  so 
small  that  it  can  have,  so  far  as  pure  ther- 
modynamic principles  are  concerned,  but  slight 
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influence  on  the  general  efficiency  of  the  cjxle. 

Actually  the  gain  comes  from  an  entirely 
different  direction — in  the  case  of  reciprocating 
engines  to  which  the  present  discussion  more 
especially  applies,  from  the  supression  in  vary- 
ing degree  of  the  loss  due  to  cylinder  con- 
densation and  involving  the  activity  of  a  sec- 
ondary or  "cast-iron"  cycle,  as  a  result  of 
which  a  considerable  amount  of  heat  may  be 
shunted  past  the  working  cjxle  of  the  engine 
proper,  and  find  its  way  to  the  condenser  with- 
out having  taken  any  active  part  in  the  work- 
producing  cycle  of  the  engine.  The  general 
nature  of  these  operations  within  the  steam 
engine  cylinder  is,  of  course,  well  known  to 
engineers,  and  it  is  by  reducing  the  readiness 
of  transfer  between  the  cast-iron  and  the  work- 
ing substance  that  the  use  of  superheated 
steam  may  result  in  an  improvement  in  econ- 
omy. The  improvement  is  due,  therefore,  not 
to  the  lifting  of  the  ideal  efficiency,  but  rather 
b)'  a  closer  approach  to  the  existing  ideal  which 
is  tlxed  by  the  conditions  of  the  case  in  hand. 

Another  point  brought  out  by  our  contem- 
porarj^  concerns  the  common  method  of  re- 
porting steam  engine  trials.  The  result  of 
such  trials  are  very  commonly  given  in 
pounds  per  horse-power  hour.  The  mislead- 
ing character  of  this  unit  is  too  well  known 
to  need  extended  comment.  The  engine  is  not 
properly  a  .steam  engine,  but  rather  a  heat 
engine  and'  the  only  consistent  method  of 
stating  economy  results  must  be  in  terms  of 
heat  expended  per  unit  of  power  developed. 
From  the  very  facts  of  the  case  statements  of 
economy  in  terms  of  pounds  of  superheated 
steam  per  horse-power  hour  are  entirely  mis- 
leading in  comparison  with  similar  results  for 
an  engine  using  saturated  steam,  and  unduly 
favorable  to  the  former.  Thus,  in  the  case 
of  two  engines  using  in  one  case,  say  13  lbs. 
of  saturated  steam  and  in  the  other  12.5  lbs. 
of  superheated  steam,  the  latter  may  in  fact  be 
less  economical  of  the  two  engines,  a  relation 
which  would  be  at  once  shown  by  the  ex- 
pression of  economy  in  terms  of  thermal  units 
rather  than  pounds  of  steam.  No  definite 
meaning  can  therefore  be  attached  to  the  re- 
port of  a  test  of  an  engine  using  superheated 
steam  in  which  the  results  are  stated  in  pounds 
of  steam  per  horse-power  hour,  and  the  en- 
gineer* who  uses  such  results  without  trans- 
forming them  into  thermal  units  is  sure  to  be 
misled  at  the  very  point  which  should  supply 
him  with  accurate  data   for  his  guidance. 


THE  ENGINEERING  TIMES  IN 

NEW  FORM. 

The  July  12th  issue  of  the  Engineering 
Times,  published  at  6  Bouverie  street,  Fleet 
street.  London.  E.  C,  England,  comes  to  us 
in  new  form  which,  say  the  publishers,  they 
have,  after  mature  deliberation,  decided  is  bet- 
ter fitted  for  the  purpose  they  have  always  had 
in  view.  The  paper  in  its  new  form  is  g^x 
13%  inches  in  size  and  is  handsomely  bound 
in  heavy  cover  paper.  It  contains'  twenty 
pages  of  reading  matter,  printed  on  heavier 
paper  than  formerly  and  a  special  feature  is  a 
handsome  supplement  illustrating  the  inaugu- 
ration of  the  new  Argyll  Works  at  Alexandria. 
We  think  the  paper  should  be  congratulated 
upon  its  new  and  improved  appearance. 

TRADE  PUBLICATIONS. 

Sargent  Steam  Meter  Company.  First  Na- 
tional Bank  Building.  Chicago.  Booklet  de- 
scribing and  illustrating  a  new  meter  for  meas- 
uring the  quantity  of  steam  used  in  an  engine. 
This  meter  may  be  located  anywhere  in  the 
steam  line  and  will  render  an  exact  account 
of  the  quantity  of  steam  flowing  through  it, 
irrespective  of  pressure.  It  shows  at  a  glance 
the  quantity'  of  steam  being  used  by  any  en- 
gine, steam  pump,  heating  system  or  drying 
room. 

The  W.  G.  Leale  Company,  T19  Mission 
street,  San  Francisco,  Cal..  Booklet,  entitled 
"A  New  Process  of  Pumping,"  being  a  de- 
.scription  of  the  Starrett  System  of  pumping 
b}^  compressed  air  as  adapted  to  mines  and 
other  places  where  an  economical,  high  duty 
compressed  air  displacement  pump  is  appli- 
cable. 

IngersoU-Rand  Company.  11  Broadway.  New 
York.  Booklet,  form  73-A,  giving  short  de- 
scriptions on  various  methods  of  pumping  by 
means  of  the  Air  Lift  System,  including  Pohle 
Method,  the  Central  Pipe  System  and  the 
Saunders  System. 

Sullivan  Machinery  Company.  Railway  Ex- 
change Building,  Chicago.  Booklet,  form  103. 
illustrating  and  describing  methods  of  core 
drilling,  both  by  power  drills  and  hand  drills. 
Also  Booklet,  form  102.  devoted  to  coal  min- 
ing by  machinery  and  describing  the  Sullivan 
"Puncher"    Pick   Machine. 

Chicago  Pneumatic  Tool  Company,  Fisher 
Building.  Chicago.  Special  Circular  No.  56, 
devoted  to  electrical  tools  and  accessories  for 
use  in  shops,  shipyards,  foundries,  etc. 

H.  D.  Crippen  Manufacturing  Company.  25 
Broad  street.  New  York.  Catalogue  No.  10, 
devoted  to  a  comprehensive  description  of  the 
Box  Electric  Drill  for  u.se  in  mines,  quarries, 
contract  work.  etc.  This  catalogue  also  con- 
tains full  information  and  net  prices  on  the 
cost  of  in<;talling  electric  drills,  electric  hoists, 
gas  engines,  oil  engines,  electric  generator  set*;, 
and  everything  for  a  complete  electric  drill  in- 
stallation. 
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De  La  \'ergne  Machine  Company,  foot  of 
East  138th  street,  New  York.  A  48-page 
pamphlet  describing  the  various  types  of  hori- 
zontal and  vertical  ammonia  compression  re- 
frigerating machines  and  equipment  for  ice 
plants,  breweries,  packing  houses,  etc.  Illus- 
trated with  many  fine  half-tones  and  views  of 
plants  installed  in  various  parts  of  the  world. 

Rockwell  Engineering  Company,  26  Cort- 
landt  street,  New  York.  Eighteen-page  book- 
let, devoted  to  high  pressure  oil  burners,  fuel 
oil  pumping  systems,  positive  pressure  blow- 
ers, etc. 

Whiting  Foundry  Equipment  Company,  Har- 
vey. 111.  Catalogue  No.  45.  a  profusely  illus- 
trated book  devoted  to  Electric  Traveling 
Cranes.  Improved  Air  Hoists  and  other  Cranes 
for  foundries,  machine  shops,  rolling  mills, 
power  plants  and  railroad  service. 

Hanna  Engineering  Works.  820  Elston  ave- 
nue. Chicago,  111.  Catalogue  No.  3,  second 
edition,  handsomely  illustrated  and  devoted  to 
Hanna  Riveters.  Screen  Shakers,  and  other 
labor  saving  pneumatic  tools  and   appliances. 

Ingersoll-Rand  Company,  ii  Broadway.  New 
York.  Catalogue  No.  383,  Edition  of  1906.  de- 
voted to  the  Templa-Ingersoll  Electric-Air 
Rock  Drill  for  mining,  tunnelling,  quarrying 
and  general  rock  excavation  and  containing 
much  data  of  both  a  practical  and  theoretical 
nature  regarding  electric  wiring,  engine  and 
generator  sizes,  weights  of  wire,  etc.,  with 
complete  records  of  recent  performances. 

Stanlev-G.  I.  Electric  :Manufacturing  Com- 
pany. Pittsfield.  Mass.  Bulletin  No.  149.  .  il- 
lustrating and  describing  Polyphase  Induction 
Motors.  Also  Bulletins  Nos.  608.  778  and  785, 
devoted  to  new  G.  I.  Flush  Pocket  Wall  Re- 
ceptacles. Circuit  Breakers,  and  the  '■K-9"  Arc 
Lamp  for  multiple  alternating  current  circuits. 

Baldwin  Locomotive  Works.  Philadelphia. 
Pa.  Record  of  Recent  Construction,  No.  57. 
A  handsomely  illustrated  description  of  the 
recent  types  of  locomotives  constructed  by  this 
company,  giving  full  general  dimensions  of  the 
engine  parts. 

Manning,  Maxwell  &  Moore,  Inc.,  85-87-89 
Liberty  street.  New  York.  A  full  stock  list 
of  machine  tools  for  blacksmiths,  boilermakers, 
builders,  carpenters,  foundries,  machine  shops, 
etc.  These  machines  being  kept  in  stock  for 
immediate  deliverv. 
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THE  cooling  of  air  while  it  is  being  com- 
pressed, and  reheating  it  for  use  in  en- 
gines, are  matters  of  great  importance. 
If  the  air  is  cooled  as  it  is  being  compressed, 
the  volume  will  be  much  smaller,  under  a 
given  pressure,  than  the  same  amount  of  air 
would  occupy  if  allowed  to  retain  the  heat  of 
compression.  Then  again,  if  the  compressed 
air  is  heated  just  before  it  enters  the  engine, 
the  volume  will  be  increased,  while  the  same 
pressure  is  maintained. 


COMPARATIVE   TEST    OF   LARGE 
LOCOMOTIVE  AIR  PUMPS. 

When  Mr.  George  Westinghouse  invented 
the  locomotive  air  pump  no  one  foresaw  the 
degree  of  prominence  that  instrument  was 
destined  to  attain  in  the  conduct  of  railway 
transportation.  That  it  is  inseparably  con- 
nected with  the  brake  system  is  apparent,  for 
without  it  the  air  brake  would  be  useless,  and 
without  air  brakes  railway  trains  could  not  be 
operated  with  anything  like  the  present  degree 
of  efficiency,  to  say  nothing  of  the  safetj'  fac- 
tor which  the  brake  constantly  affords.  Since 
the  advent  of  air  brakes  numerous  designs  of 
air  pumps  have  been  brought  out,  each  answer- 
ing its  intended  purpose,  but  during  these 
years  of  pump  development  the  chief  efforts 
have  been  centered  in  designing  instruments 
occupying  little  space,  light  in  weight  and  of 
sufficient  air  producing  capacity  to  supply  the 
needs,  these  desiderata  being  looked  upon  as  of 
greater  importance  than  designs  contributing 
to  steam  economy. 

With  the  advent,  however,  of  High  Speed 
Brakes,  long  trains  of  air-braked  cars  and 
numerous  "parasites"  such  as  bell  ringers,  track 
Sanders,  water  scoops,  air  pressure  for  Pull- 
mans, and  other  accessories  on  engines  and 
cars,  all  contributing  through  operation  and 
leakage  to  exactions  on  the  air  pump,  has  been 
created  a  demand  for  pumps  of  great  air  pro- 
ducing capacity  until  a  stage  of  steam  con- 
sumption has  been  reached  the  result  of  which 
is  a  serious  drain  upon  the  coal  pile. 

It  is  a  generally  accepted  belief  that  the 
Westinghouse  ii-inch  pump  was  of  ample  ca- 
pacity to  supply  air  for  all  conditions  of  train 
service,  but  when,  a  year  or  more  ago,  the 
New  York  Air  Brake  Company  placed  upon 
the  market  a  duplex  pump  of  considerably 
greater  capacity  than  the  ii-inch  pump  it  was 
received  by  many  railroad  men  with  much 
favor,  being  looked  upon  as  an  instrument 
more  capable  of  meeting  modern  requn-ements 
than  any  of  its  predecessors. 

It  is  evident  that  the  sentiment  of  those 
using  air  pumps  is  in  the  direction  of  ab- 
normal air  capacity,  as  compared  to  former 
practice,  and,  to  those  skilled  in  the  art,  that 
the  combination  of  such  cap.icity  and  steam 
economy     cannot    be     obtained    with     simple 
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pumps.  The  Westinghouse  Air  Brake  Com- 
pany, therefore,  has  produced  a  pump  of  very 
superior  capacity  as  compared  to  any  hereto- 
fore used  on  locomotives  and  with  a  factor  of 
steam  economy  far  in  excess  of  anything  pre- 
viously attempted. 

The  advent  of  this  pump  has  created  no  lit- 
tle interest  and  favorable  comment  on  the  part 
of  railway  officers  who,  upon  investigation, 
recognized  its  simplicity,  capacit}',  and  econom- 
ical qualities.  With  a  view  of  determining 
in  a  practical  way  the  capabilities  of  this  type 
of  air  compressor,  a  comparative  test  of  the 
Westinghouse  Compound  and  the  New  York 
No.  5  Duplex  Pumps  was  somewhat  recently 
made  by  the  Lake  Shore  &  Michigan  Southern 
Railway  Co.  The  schedule  of  tests  was  pre- 
pared and  conducted  by  the  engineering  de- 
partment of  the  road  under  the  direction  of 
the  chief  mechanical  officers,  there  being  pres- 
ent during  the  demonstration  several  promin- 
ent air  brake  experts  of  the  road,  as  well  as 
representatives  of  the  two  air  brake  compan- 
ies. 

To  what  extent  the  efforts  of  the  Westing- 
house Air  Brake  Company  have  proven  suc- 
cessful is  presented  in  the  performance  of  their 
SI/2"  Cross  Compound  Pump,  a  record  of 
which  appears  later  in  this  article  and  re- 
ferred to  as  the  above  company's  test  L  752 ; 
being  a  serie5  of  sketches  Nos.  1596  to  1603, 
inclusive,  and  a  number  of  diagrams  plotted 
from  the  data  found  in  these  sketches.  These 
sketches  and  diagrams  are  self-explanatory  and 
clearly  show  the  superiority  of  the  Westing- 
house pump,  both  in  economy  and  capacity. 

A  very  complete  apparatus  was  employed 
for  the  tests,  making  entirely  practical  a  com- 
parison of  air  delivered,  steam  consumed,  temp- 
erature of  both  free  and  compressed  air  as  well 
as  the  general  working  of  the  pumps  during 
the  experiments ;  the  apparatus  used  being  ar- 
ranged as  shown  on  sketch   1603. 

A  locomotive  boiler  furnished  the  steam. 
The  steam  passed  through  a  covered  receiver 
wKich  furnished  a  means  for  controlling  the 
pressure  and  also  served  as  a  separator.  The 
exhaust  steam  from  the  pumps  was  condensed 
in  a  surface  condenser  and  weighed  in  the 
barrel  arranged  as  shown.  The  delivery  pipes 
of  the  pumps  were  connected  to  the  constant 
pressure  reservoir  No.  3,  the  overflow  from  it 
being  alternately  measured  in  the  measuring 
reservoirs    Nos.    i    and   2.     In    arranging  the 


pumps  and  reservoirs,  an  effort  was  made  tc 
have  the  pipe  volume  of  each  pump  the  same. 
The  difference  was  slight,  the  Westinghouse 
pump  having  the  larger  volume.  Thermomet- 
ers were  inserted  in  the  delivery  pipes  near 
the  discharge  valves  of  the  two  pumps,  and  in 
reservoir  No.  3.  Pressure  gauges  were  at- 
tached to  reservoirs  Nos.  i,  2  and  3,  and  to  the 
steam  reservoir.  The  strokes  of  the  pumps 
were  taken  with  an  ordinary  reciprocating 
counter.  Tlie  whole  apparatus  was  arranged 
so  that  the  conditions  were  almost  identical 
for  both  pumps,  thus  avoiding  the  necessity  of 
making  corrections   for  observations. 

The  New  York  No.  5  Duplex  Pump  has  two 
8"  X  12"  steam  cylinders,  and  8"  and  12"  x 
12"  air  cylinders ;  the  Westinghouse  Com- 
pound has  8'/2"  and  143^"  x  12"  steam  cylind- 
ers and  9"  and  141^2"  x  12"  air  cylinders.  The 
New  York  Duplex  Pump  takes  in  free  air  at 
both  air  cylinders,  one  piston  resting  while  the 
other  is  in  motion ;  the  Westinghouse  Com- 
pound takes  free  air  at  the  low  pressure  air 
cylinder  only,  both  pistons  being  in  motion  at 
the  same  time,  but  moving  in  opposite  direc- 
tions. 

The  piston  displacement  of  the  compound 
for  one  cycle  or  revolution  is  1.43%  greater 
than  that  of  the  duplex. 

The  order  in  which  the  tests  were  made 
are  given  in  the  sketches,  the  figure  preced- 
ing the  decimal  point  is  the  day  of  the  month 
and  the  number  after  the  decimal  point  is  the 
order  of  the  test  on  that  day.  The  tests  have 
been  divided  into  three  classes,  as  follows : 

1st.  Efficiency  and  capacity  tests  with  pumps 
working  against  constant  pressure;  the  results 
of  these  are  shown  on  sketches  Nos.  1596,  1597 
and  1598. 

2nd.  Efficiency  and  capacity  tests  with  the 
pumps  working  against  increasing  pressure  as 
in  charging  reservoirs,  see  sketches  Nos.  1599, 
1600  and   1601. 

3rd.  Efficiency  and  capacity  tests  with  the 
pumps  working  against  an  approximately  con- 
stant pressure,  an  orifice  in  a  diphragm  being 
used  to  approximate  the  amount  of  air  deliv- 
ered ;  these  are  shown  on  sketch  1602,  which 
also  includes  a  temperature  test,  of  20  minutes 
duration. 

In  all  these  tests  the  pumps  were  working  at 
full  capacity,  except  in  one  instance,  see  sketch 
1602,  serial  number  of  test  7.29,  in  which  the 
Westinghouse  Cross  Compound  was  made  to 
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deliver  the  same  quantity  of  air  as  the  New 
York  No.  3  by  throttling  the  steam;  while 
this  test  was  being  made  the  steam  pressure  in 
the  receiver  dropped  to  156  pounds.  In  the 
increasing  pressure  or  charging  reservoir  tests, 
the  logs  of  which  are  shown  on  sketches  1599, 
1600  and  1601,  the  reservoirs  w-ere  of  slightly 
difference  capacities,  due  to  the  difference  in 
piping,  viz:  36.3523  cu.  ft.  for  the  Westing- 
house  SVi"  Cross  Compound,  and  36.3211  cu. 
ft.  for  the  N.  Y.  No.  5  Duplex  Pump.  In  cal- 
culating the  units  of  comparison,  time  and 
steam  per  100  cu.  ft.  of  free  air,  this  reservoir 
difference  was  considered,  but  was   too   small 
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to  be  noticed.  It  will  be  observed  that  the 
initial  pressure  in  these  tests  was  30  pounds 
in  each  case,  increasing  to  70,  100,  130  and  140 
lbs.,  this  minimum  pressure  being  selected  ow- 
ing to  the  excessive  pounding  of  the  heads  of 
the  New  York  Duplex,  a  condition  which 
largely  prevailed  when  the  pump  was  working 
against  low  air  pressures. 

In  this  connection  it  may  be  said  that  the 
Westinghouse  Compound  worked  very  quietly, 
regardless  of  either  high  or  low  air  or  steam 
pressures,  the  tendency  to  pound  being  absent 
even  when  the  throttle  was  thrown  wide  open 
with  a  higli  boiler  pressure  and  with  little  or 
no  air  pressure  in  the  charging  reservoirs. 
This  is  of  special  importance  owing  to  the 
"racing"  of  pumps  against  low  pressure  being 
responsible  for  a  large  portion  of  the  failures 
of  pumps  of  the  simple  and  duplex  type. 

The  comparative  diphragm  tests,  shown  on 
sketch  1602,  were  made  to  illustrate  the  same 
points  brought  out  in  the  comparative  efficiency 


and  capacity  tests,  many  railroad  men  being 
more  familiar  with  this  method  of  comparing 
air  pumps.  These  tests  also  serve  as  a  check 
on  the  other  results  when  the  pumps  were 
working  under  similar  conditions. 

As  no  accurate  formula  is  known  for  the 
flow  of  air  through  an  orifice,  the  results  of 
this  group  can  hardly  be  considered  compara- 
tive. In  all  of  these  tests,  except  49,  the 
pumps  were  working  to  their  maximum  capaci- 
ty, and  although  it  is  true  that  both  were  dis- 
charging through  the  same  size  of  orifice,  the 
higher  pressure  maintained  by  the  Westing- 
house  pump  throws  additional  work  on  it  and 
this  is  not  fully  shown  by  the  amount  of  air 
discharged.  Test  7.29,  sketch  1602,  was  made, 
however,  in  an  effort  to  make  the  work  of  the 
Westinghouse  equal  to  that  of  the  New  York 
pump  in  test  7.22,  and  to  compare  the  steam 
consumption.  The  Westinghouse  pump  was, 
therefore,  throttlea  so  that  both  pumps  main- 
tained approximately  the  same  air  pressure 
while  discharging  through  the  same  orifice, 
with  the  result  that  the  New  York  pump  used 
110%  more  steam  than  the  Westinghouse.  This 
test  also  brings  out  the  fact  that  to  do  the 
same  work  the  Westinghouse  pump  required 
1^6  pounds  boiler  pressure,  whereas  the  New 
York  required  200  pounds. 

In  the  temperature  tests,  shown  on  sketch 
1602,  both  pumps  were  run  to  their  maximiHti 
capacity,  the  compound  pumping  against  a  19- 
64"  orifice,  the  duplex  supplying  a  17-64"  ori- 
fice, resulting  in  a  decidedly  higher  tempera- 
ture for  the  former  than  would  have  been  the 
case  had  each  pump  supplied  the  same  volume 
of  air.  The  results  of  the  tests,  however,  have 
been  plotted  in  the  form  of  curves  and  are 
shown  on  one  of  the  diagrams  accompanying 
the  sketches. 

The  temperature  of  the  Westinghouse  Com- 
pound Pump  was  much  lower  than  that  of 
the  New  York  Duplex  Pump  for  an  equal 
interval  between  tests ;  this  and  the  tendency 
of  the  New  York  pump  to  heat  rapidly  made 
it  difficult  to  start  it  at  a  low  temperature 
which  could  only  have  been  done  by  long  de- 
lays between  tests.  To  compensate  for  this, 
the  Compound  was  run  a  considerable  time 
before  starting  the  temperature  tests  in  order 
to  get  its  temperature  equal  to  that  of  the 
New  York  pump. 

It  was  made  evident  by  these  tests  that  when 
Mr.    George   Westinghouse   designed   and   pat- 
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ented  a  compound  air  pump  in  1873  he  foresaw,  motive  air  pump  operation,  and  to  judge  front 

even  while  the  air  brake  was  yet  in  its  infancy,  the  strenuous  eflforts  of  railways  in  the  direc- 

that   at    some    remote    period    steam    economy  tion  of  such  economy  it  would  seem  that  the 

must   become   a   ruling  consideration   in   loco-  time  has  now  arrived. 


Serial  Number  of  Test.. 


Style  of  Pump 


Average  of 


20.1  &    20.2  &«•? 
20.3       20.4      god 


w.c.c. 


N.  Y.     „ 
5D.P.   SiS^ 


W.C.C, 


6.4 


.  "So 


5D.P.   (SS^ 


6.6 


W.C.C. 


N.  Y.  I  t;*-    . 

5D.P.  I|gfl^ 


Steam  Pressure 

Constant  Air  Pressure 

Pumped  Against  

Cubic  Feet  Free  .\ir  Pumped. 
Duration  of  Test — 

Minutes  and  Seconds 

Cubic  Feet  Pure  Air  Pumped 

per  Minute 

Cycles  per  Minute 

Weight  of  Steam  Used- 
Pounds     

xteam  per  100  Cubic  Feet  Free 

Air — Pounds        

Cubic  Feet  Free  Air  per 

pound  Steam 

Vohimetrlc  Efficiency— 

Per  cent ." I 


S  -   I 


At  Pump 
Discharge 


( Initial. 
"(  Final.. 


In  first  of  3    (Initial. 
Connected    - 
Reservoirs    (  Final. . 


Atmosphere. 


140 
666.5 


115.5 
61.8 

143.5 

21.5 

1.64 

82.1 

313 
422 

154 

184 

73 


200 

200 

200 

140 
666.5 

130 
616.8 

130 
616.8 

8-52.1 

4-41.8 

6-35.6 

75.2 
53.8 

53.6 

131.0 
65.3 

93.6 
58.4 

317.6 

121.3 

121.3 

249.0 

47.7 

121.3 

19.7 

40.4 

2.10 

121.3 

5.09 

2.48 

62.2 

31.9 

88.2 

71.4 

355 
480 

280 
390 

378 
500 

158 

161 

179 

184 

182 

201 

75 

70 

70 

40.1 
105.4 


23.6 


200 


100 
625.4 


100 
625.4 


4-07.6    5-24.2 


151.6 
74.2 

116.0 

18.6 

6.39 

89.7 

330 

400 

190 
211 
70 


115.7 
66  1 

207.8 

33,2 

3.01 

78.0 

380 
497 

199 

224 

70 


31.0 
79.1 


6.7 


W.C.C. 


N.Y.     u-- 

6D.P.   £=•£ 


70 
534.8 


168.0 
81.4 

94.8 

17.7 

5.65 

90.7 

320 
380 

200 

218 

70 


70 
534.8 


138.2 
72.9 

164.5 

30.8 

3.25 

84.5 

400 
470 

209 

298 
71 


21.6 
74.0 


7.3 


Test  L— 7.52 
Sketch  No.  1596 


Feb.  23.  1906 


L.  S.  &  M.  S.  RY. 

Comparative  test  of  Westinghouse  RVi" 

Cross  Compound  and  New  York  No.  5 

Duplex  Locomotive  .\ir  Pumps. 

Pumps  working  against  constant  Pressure 


Serial  Number  of  Test  

6.15 

1 

1 

W.C.C. 

6.16 

N.  Y. 

.5D.P. 

Per  cent. 
In  favor  of 
W.  C.  C. 

6.17 

6.18 

Per  cent. 
In  favor  of 
W.  C.  C. 

1    6.19 

6.20 

m 

Style  of  Pump  

W.C.C. 

N.  Y. 

5  D.P. 

1 

1  W.C.C. 

1 

N.  Y. 

5  D.P. 

Steam  Pressure 

1.-.0 

120 

567.  S 

ii-^i-.-i 

85.  H 

44.1 

105.5 

18.6 

5.:J8 

85.4 

270 

3ti0 

174 

184 

1        78 

1.50 

120 

.567.8 

9-28 

60.0 

.39.7 

220.8 

:».9 

2.. 57 

67.3 

317 

440 

175 

185 

78 

43.0 
43.0 

109.3 
109.3 
KRI.S 
27.0 

1.50 

100 

625.4 

5-38.4 

110.9 

54.4 

102.8 

16.4 

6.09 

K9.4 

270 

370 

ISO 

186 

76 

1.50 

100 

025.4 

7-51.4 

79.6 

48.8 

208.5 

3;j.3 

3.00 

72.  H 

3.50 

450 

182 

190 

78 

39.3 
39.3 

102.9 
102.9 
102.9 
2:1.0 

1.50 

70 

5:m.k 

4-02.2 

1:12.5 

tW.2 

81.5 

15.2 

6.56 

92.2 

;J20 

360 

184 

194 

77 

1.50 

70 

534.8 

.5-02.4 

10<>.l 

.58.3 

148.5 

27.8 

3.60 

81.1 

300 

400 

186 

196 

77 

Constant  Air  Pressure  Pumped  .\gainst  . . . 

Cubic  Feet  Free  .\ir  Pumiiod 

Duratifin  of  Test— Min.  and  Sec   

Cubic  Feet  Free  Air  Pumped  per  Min 

Cycles  per  Minute 

Weight  of  Steam  Used— P<  .unds   

24.9 
24.9 

82.2 

Steam  per  100  cu.  ft.  Free  Air— Pounds 

Cubic  Free  Air  per  pound  stoam 

Volumetric  Eflli-iency — Per  cent 

82.2 
82.2 
13.7 

C.   .       .         At  Pump  Discharge        '  1,,""'^' 
cot.                         '                   ^          1  !•  innl.. 

cS    .ri  i           In  first  of  throe           (Initial 

1  ^  ^&,        connected  Keservolra.    (  Final.. 

fH     Q         Atmosphere 

Test  1^7.52 
Sketch  No.  1.598 


Feb.  23.  I'MW 


L  S.  .1:  M.  S.  HY. 

Comparative  tost  of  Westlnghouse  H'," 

Cross  Comi)ounil  and  New  York  No.  5 

Duple.i  Locomotive  Air  Pump-*. 

Pumps  working  against  constant  i>re.s«ure. 
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Serial  Number  of  Test 

Style  of  Pump 

Steam  Pressure 

Initial  Air  Pressure 

Final  ,\ir  Pressure 

Cubic  Feet  Free  Air  Pumped. 

Duration  of  Test- 
Minutes  and  Seconds 

Total  Cycles  

Weight  of  Steam  Used — 

Pounds 

Required  to  compress  J  Time 
100  cu.  ft.  Free  Air1    Sec. 

From  Initial  to  i  Steam 

Final  Pressure.  (  Pounds. 

c       I 

^  C  At  Pump        j  Initial 

■g-g  I       Discharge       (  Final. 

c-Z  \       In  first  of  3      (Initial 

E  o  Connected      \ 

<dQ         Reservoirs       (Final. 

Atmosphere , 


7.1 

7.5 

W.C.C. 

N.  Y. 
5D.P. 

7.2 


W.C.C, 


N.  Y. 

5D.P. 


W.C.C. 


N.  Y. 
5D.P. 


7.4 


W.C.C. 


N.  Y. 
5D.P. 


g  >    . 


200 

30 

70 

98.9 

200 

30 

70 

98.8 

0-39.8 
55 

0-43.2 
55 

21 

31.8 

40  2 

43.7 

21.2 

32.1 

208 
236 

206 
252 

100 

130 

103 

138 

69 

71 

8.6 
51  4 


200 

30 

100 

173.1 

1-12.4 
98 

36.3 

41.8 

20.9 

242 
286 

106 

120 

70 


200 

30 

100 

173.0 

1-22.4 
100 

57.3 

47.6 

33.1 

238 
304 

132 

140 

73 


13.9 
58.1 


200 

30 

130 

247.3 

1-47.6 
139 

51.8 

43.5 

20.9 

269 
324 

122 

130 

70 


200 

30 

130 

247.1 


2-10.2 
149 

92 

52.7 

21.1 

37.2 

78.0 

280 
370 

140 

156 

73 

200 

30 

140 

272.0 

200 

30 

140 

271.8 

1-59.2 
150 

2-29.6 
168 

57.5 

102.3 

43.8 

55.0 

21.1 

37.6 

310 
360 

320 
410 

134 

150 

150 

168 

70 

73 

25.6 
78.0 


Test  L-752 
Sketch  No.  1599 


Feb.  23,  1906. 


L.  S.  &  M.  S   RY. 

Comparative  test  of  Westinghouse  8%" 

Cros.s  Compound  and  New  York  No.  5 

Duplex  Locomotive  Air  Pumps. 

Pumps  working  against  Increasing  pressure 

as  in  charging  Reservoirs. 


1' 

'Vui" 

"/b4" 

2%4" 

T 

.034" 

.056" 

.0615" 

Serial  Number  of  Test 

7.21 

7.22 

7.29 

7.23 

7.24 

7.25 

7.26 

Style  of  Pump 

W.C.C. 

N.  Y. 
5D.P. 

1 

W.C.C. 

W.C.C. 

N.  Y, 
5D.P. 

W.C.C. 

N.  Y. 
5  DP. 

Orifice  in      j  Diameter-In. . 

iVei" 

1%4" 

"/e*" 

1%4" 

1%4" 

2%*" 

2%4" 

Diaphragm  1  ^^^gq  j^ 

.055420 

.055420 

.055420 

.069227 

.069227 

.101434 

.101434 

Steam  Pressure 

200 
118 
120 

200 
100 
102 

156 
100 
100 

200 
100 
104 

200 

88 
88 

200 
70 
73 

200 

Initial  Air  Pressure 

63 

Final  Air  Pressure 

63 

Duratif)n  of  To.st— Min 

2 

2 

2 

2 

2 

0 

2 

Cycles  per  Min 

67 
25.6 

05.5 
40.6 

57.5 
19.3 

73.5 
27.9 

69.5 
43.8 

81.5 
29.4 

75.0 

Steam  Used  per  Min.— Lbs... 

40.5 

£   .  f        At  Pump        j  Initial 
C^         Discharge       (  final. 

242 
296 

310 
360 

400 
417 

300 
340 

360 

420 

301 
346 

410 
430 

Eh  "     Atmosphere 

ni 

122 

126 
137 

234 

23() 

140 
153 

163 
172 

170 
179 

180 
190 

69 

72 

09 

73 

70 

72 

72 

Test  L— 752 
Sketch  No.  1602 


i<  eb.  23,  1900 


L.  S.  &  M.  S.  RY. 

Comparative  test  of  Westinghouse  8yi" 

Cross  Compound  and  New  York  No.  5 

Dutll<^x  Locomotive  Air  Pumps. 

Orilice  and  Temperature  Tests. 
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Serial  Number  of  Test 6.9 

Style  of  Pump W.C.C. 

I 

I 

Steam  Pressure 175 

Consta'it  Air  Pressure  Pumped  Against  .   .  130 

Cubic  Feet  Tree  Air  Pumped 616.8 

Duration  of  Test — M in.  and  Sec  5— 13. '2 

Cubic  Feet  Free  Air  Pumped  per  Min 107 .9 

Cycles  per  Minute    55.1 

Weight  of  Steam  Used— Pounds 124.5 

Steam  per  100  cu.  ft.  Free  .Air — Pounds 20. 2 

Cubic  Feet  Free  Air  per  Pound  Steam 4.96 

Volumetric  Elflclency— Per  cent 86.0 

go-     c\  At  Pump  Discbarge       {y^}^'/  l^ 

£•3    .■Si  In  first  of  three           (Initial  UO 

£  -5  ^'^  I  connected  ReseiToirs.  (  Final..  ,  169 

t,  ~  B      I,  Atmosphere 75 


6.11        6.12 


!  N.  Y. 
W.C.C. I  6 DP 


6.U 


N.  Y. 

5D.P. 


175 

1 

130 

616.8 

8-32 

49.2   4 

72.3 

49.2 

47.1 

251.0 

101.6 

40.7 

101.6 

2.46 

101.6 

68.4 

25.8 

320 

470 

168 

190 

76 

175 

10<J 

625.4 

4-4:5.4 

132.4 

64.8 

110.8 

17.7 

5.65 

89.6 

298 

384 

172 

194 

74 


I       175 

i       100 

625.4 

6-14.2 

100.3 

.59.2 

206.3 

j     33.0 

3.03 

75.0 

370 

470 

185 

205 

78 


32 

II 

1  ; 

32 

1 

86 

0 

86 

2 

86 

2 

1  ^^ 

1 
i 

175 

70 

.534.8 

3-31.0 

151. f. 

73.4 

85.8 

16.0 

6.24 

90.7 

3»X) 

368 

196 

206 


173 

I        70 

534.8 

4-22.2 

122.4 

65.9 

1.55.5 

•29.1 

3.44 

82.8 

360 

440 

194 

206 

79 


13.9 
23.9 

81.4 

81.4 

81.4 

9.6 


Pumps  working  against  constant  pressure. 


Serial  Number  of  Test 


7.9 


7.12 


Style  of  Pump W.C.C.    so.p. 


Steam  Pressure 175 

Initial -Air  Pressure ,        30 

Final  Air  Pressure 70 

Cubic  Feet  Free  Air  Pumped 98.9 

Duration  of  Test — Min   and  Sec 0-41.8 

Total  Cycles 55 

Weight  of  Steam  Used— Pounds 18 .5 

Required  to  compress  3  ^jj^^_gp^. ,    ^3.8 


100  cu.  ft.  tree  Air 
from  Initial   to 
Final  Pressure 


■!  Steam — Pounds  . 


c  c 


At  Pump  Discharge 
gs   .~ -l           In  first  of  three 
S  s  c  ^        connected  Reservoirs 
E-i     Q      I  Atmosphere 


( Initial 
I  Final.. 
I  Initial 
( Final.. 


18.7 

234 
258 
1.54 
160 
74 


175 

30 

70 

98.8 

0-48.6 

56 

22.8 

49.2 


258 
300 
163 
168 

74 


175 

175 

30 

30 

100 

100 

173.1 

173.0 

1-06.6 

1-32.8 

94 

103 

32 

56 

16.4 


276 
310 
154 
165 
73 


282 
362 
160 
199 
73 


175 

30 

130 

247.3 

1-56 

134 

40.8 

46.9 


298 
344 
161 
176 
76 


175  ; 

30  ' 

130  , 

247.3  I 

2-32  I 

153 

86  i 

61.6         31.1 

34.8  I  111.2 

308 

385  I 

162  . 

174  i 
75 


Pumps  working  against  increasing  pressure 
as  in  charging  Resen-oirs. 


Special  Number  of  Test. 


Style  of  Pump 


7.18 


N.  Y. 

5D.P. 


Steam  Pressure 

Initial  .Air  Pressure 

Final  .\ir  Pressure 

Cubic  Feet  Free  .Air  Pumped 

Duration  of  Test — Min.  and  Sec 

Total  Cycles 

Weight  of  Steam  Vsed— Pounds 

Required  to  compress  iTimj^Sec 
100  cu.  ft   Free  Air      1  ^  ime— bee 

from  Initial  to         UtAam— Pounds 
Final  Pressure         |  >'team— Pounas  . 


At  Pump  Discharge 
In  first  of  three 
.  ^'Z  j       conected  Reservoirs 
'q      I   .Atmosphere 


(Initial 
(Final . 
)  Initial 
(Final. 


150 
30 
70 
98.9 
0-46 
52 
15 

46.5 


240 
264 
165 
170 
76 


160 
30 
70 
98.8 
0-66 
57 
29 

55.6 

29.3 

240 
280 
162 
168 
78 


8.16        7.19 


N.  Y. 

W.C.C.    5 DP. 


•->  a -J 

7.17 

7.20 

W.C.C. 

N.  Y. 

5D.P. 

19.7 
03.5 


150 

ao 

100 

173.1 

1-26.4 

95 

29.5 

49.9 


255 
293 
160 
172 

75 


150 

30 

100 

173.0 

1-47 

98 

62.8 


275 
330 
162 
170 

78 


Pumps  working  against  increasing  pressure 
as  in  charging  Reservoirs. 


24.0 
79.0 


150 

:)0 

130 

247.3 

2-21 

137 

44 

57.0 


3<r2 
:(44 
159 
175 
77 


150 

30 

130 

247.1 

3-08 

154 

85.3 

76.1 


3.50 
400 
174 
190 
'.8 
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THE    Traylor    Engineering    Co.,    and    the 
Traylor  Manufacturing  and  Construction 
Co.,    have    been    consolidated    into   one 
corporation,   under   the   name  of    the    Traylor 
Engineering  Company. 

The  consolidation  was  the  result  of  the  rapid 
increase  of  the  business  of  the  Traylor  En- 
gineering Co.,  which  made  it  desirable  to  com- 
bine the  two  concerns  in  order  to  simplify  and 
expedite  the  conduct  of  their  business.  Un- 
der the  old  arrangement  the  Traylor  Engi- 
neering Company  was  the  active  concern  deal- 
ing with  the  public,  while  the  Traylor  Manu- 
facturing and  Construction  Company  owned 
the  works  at  Allentown,  Pa.,  and  did  the  man- 
ufacruing  under  contract  for  the  other.  Both 
concerns  belonged  to  the  same  stockholders. 
They  were  organized  under  the  laws  of  New 
Jersey.  The  new  corporation  is  organized  un- 
der the  laws  of  New  York.  It  takes  over  all 
the  assets  and  business  of  the  older  corpora- 
tions and  assumes  their  liabilities.  The  two 
New  Jersey  corporations  have  been  dissolved. 
The  change  in  incorporation  makes  no  change 
in  the  business  to  simplify  its  internal  conduct. 
The  public  will  continue  to  find  the  Traylor 
Engineering  Co.,  at  its  offices  in  the  Engineer- 
ing Building,  Ii8  Liberty  street.  New  York, 
and  with  its  constantly  increasing  staff  of  ex- 
perts always  ready  to  give  advice  on  [Mining, 
[Metallurgical,  Cement-making,  Fuel  Briquet- 
ting  or   Rock   Crushing   matters. 

The  Officers  of  the  corporation  are :  Presi- 
dent and  Treasurer,  Samuel  W.  Traylor;  \'ice- 
president,  Bruce  W.  Traylor;  Assistant  Treas- 
urer, Frank  W.  Hopkins ;  Secretarj-,  Joseph 
S.  Buhler. 

The  capital  stock  authorized  is  $600,000.  Of 
this  amount  $500,000  is  issued  to  pay  for  the 
properties  and  business  taken  over,  and  the 
balance  remains  in  the  treasury  for  future 
needs. 


ANEW  plant  will  shortly  be  constructed 
at  Plainfield.  N.  J.,  for  the  Vacuum 
Cleaner  Company, 427  Fifth  .A.venue,Ne\v 
York.  The  company  proposes  to  manufacture 
its  wagons,  vacuum  pumps  and  other  carpet 
and  rug  cleaning  machinery.  Dodge  & 
Morrison,  of  82  Wall  street,  are  the  architects 
of  the  proposed  plant  and  they  will  also 
have  charge  of  the  engineering  details.  The 
plant  will  consist  of  a  main  factory  build- 
ing of  mill  construction,  60x170  feet,  two 
stories  in  height.  The  main  building 
will  contain  a  machine  shop,  general  as- 
sembly   department,    paint     and    wood-work- 


ing department,  etc.  There  will  be  a  brass 
foundr}-,  20  x  50  feet ;  power  house,  42  x  42 
feet;  pattern  building  15x20  feet,  and  pattern 
storage  building,  15x20  feet.  The  machinery 
details  have  not  been  worked  out  as  yet,  with 
the  exception  that  it  has  been  decided  to  in- 
stall about  200  horse-power  of  boilers  and 
most  of  the  machinery  equipment  of  the  plant 
will  be  electrically  operated.  Besides  pur- 
chasing a  complete  brass  foundry  equipment 
the  company  will  require  a  rather  general  as- 
sortment of  machine  tools  and  some  wood- 
working equipment.  These  details  are  all  in 
the  hands  of  Dodge  &  [Morrison,  who  will 
also  let  the  contract  for  the  construction  of 
the  building.  It  is  proposed  to  give  out  that 
work  very  shortly  and  the  plant  will  be  built 
as  soon  as  possible.  The  company  has  a  de- 
sirable location  adjacent  to  the  tracks  of  the 
Central  Railroad  of  New  Jerse}^  and  arrange- 
ments will  be  made  to  construct  a  spur  from 
the  main  line  into  the  company's  propertj*  and 
through  the  erecting  j'ard,  in  which  will  be 
built  an  erecting  platform,  in  order  to  facili- 
tate the  shipping  of  the  firm's  product.  The 
company  has  purchased  considerable  property 
to  allow  for  enlarging  its  plant  when  there  is 
necessity  for  it. 


A     HUGE     UNDERTAKING     SUC- 
CESSFULLY   COMPLETED. 

The  great  new  Government  Custom  House 
opposite  the  historic  Bowling  Green  has  just 
received  its  final  treatment  at  the  hands  of  the 
American  Diamond  Blast  Co. 

Five  months  of  labor  resulted  in  a  beautiful 
looking  building.  The  stone  of  which  it  was 
built  was  carefully  tooled  and  finished,  but  to 
bring  out  its  true  color  the  company's  sand 
blast  treatment  was  used  with  wonderful  ef- 
fect. Three  hundred  and  sixty  thousand 
square  feet  were  thoroughly  worked  over, 
much  time  being  devoted  to  the  ornate  carv- 
ings, which  required  the  most  careful  manipu- 
lation. 

Other  buildings  in  the  neighborhood  which 
have  been  restored  to  their  original  purity  of 
exterior  are  the  Empire  Building,  Banking 
House  of  J.  P.  [Morgan  &  Co.,  and  the  County 
Court  House. 


A  new  corporation,  known  as  the  Pittsliurgh 
Pneumatic  Company,  with  a  capital  of  $250,- 
000  has  been  formed  with  Pittsburgh  men  be- 
hind it  and  will  shortly  build  and  operate  a 
large  plant  for  the  manufacture  of  pneumatic 
tools.  It  is  considered  that  the  establishment 
of  this  new  industry  in  Pittsburgh  is  of  un- 
usual interest,  because  up  to  the  present  time 
there  are  no  plants  making  pneumatic  ma- 
chines in  the  form  of  riveters  and  drills  in  the 
Pittsburgh  district,  though  there  are  few 
markets  of  greater  importance  for  these  ma- 
chines  than   this   section. 

The  new  company  has  elected  officers,  with 
Frank  M.  Faber,  president ;  Charles  H.  John- 
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son,  treasurer,  and  Charles  C.  Murray,  sec- 
retary. The  officers  are  practical  pneumatic 
tool  men.  When  the  plant  is  in  running  order 
it  will  give  employment  to  a  large  number  of 
skilled  mechanics. 


A    NEW    COMPRESSED    AIR 
COMPUTER. 

William  Cox,  75  Broad  street.  New  York, 
has  recently  devised  a  very  useful  addition  to 
the  list  of  computers  which  he  manufactures. 
The  accompanying  illustration  shows  tlu'  <_;i.n- 


arrow,    will    be    found    the    horse-power    re- 
quired. 

Among  the  latest  additions  to  Mr.  Co.x's  list 
of  computers  might  be  mentioned  computers 
for  solving  the  horse-power  transmitted  by 
belts,  computers  for  paper  friction  pulleys,  and 
for  testing  electrical  meters. 


A  SPECIAL  caisson  has  been  sunk  at  the 
foot    of    Fifteenth    street,    Jersey    City, 
in    the    construction    of    a    connection 
between    the  Hudson    Company's    tun- 
nels   from    Morton   street,    New    York,   under 


CO.K   COMPRESSED 

eral  style  of  Mr.  Cox's  computers,  which  now 
number  over  a  hundred,  each  being  designed 
to  solve  some  special  formula  relating  to  the 
flow  of  air,  gas  and  water.  His  latest  com- 
puter, however,  is  designed  to  solve  the 
formula 


M.  E.  P.  =  3 


.63P,     [g)"-.] 


in  which  P  1  =  the  initial  absolute  pressure; 
P2  =^  final  absolute  pressure.  This  being  the 
formula  for  the  theoretical  mean  effective  pres- 
sure in  single-stage  compression. 

Accompanying  the  instrument  is  a  table  of 
ratios  of  compression  from  atmosphere  to  2,000 
lbs.,  the  table  giving  the  ratios  for  single-stage 
compression  and  the  ratio  for  each  cylinder  for 
2,  3  and  4-stage  compression. 

The  mean  effective  pressure  once  found, 
the  horse-powder  required  to  compress  100  cu. 
ft.  of  free  air  is  determined  by  setting  the  M. 
E.  P.  edge  of  the  sector  to  the  ascertained 
mean  pressure  when;  against  the  horse-power 
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the  North  River  to  Jersey  City,  with 
branches  to  the  terminals  of  the  Erie  and 
of  the  Dalaware,  Lackawanna  &  Western 
Railroads.  This  caisson  is  near  the  working 
shaft  for  the  main  tunnels,  and  was  sunk  to 
facilitate  the  building  of  the  divergent  tunnels 
at  their  point  of  intersection.  The  single- 
track  tubes  of  the  connections  are  located  to 
clear  each  other  vertically  and  as  the  tunnel 
structure  at  this  point  could  not  be  readily 
built  by  ordinary  tunneling  methods,  special 
provision  has  been  made  for  it  by  the  use  of 
a  pneumatic  caisson  sunk  80  ft.  or  more 
through  earth  and  water  into  the  rock.  The 
caisson,  which  is  five-sided  and  is  opprox- 
imately  100  ft.  long  and  half  as  wide,  is  con- 
structed of  reinforced  concrete,  affording  a 
large  estimated  economy  over  the  use  of  steel 
or  timber.  It  consists  of  a  massive  concrete 
block  containing  a  working  chamber  and  an 
upper  chamber  separate  from  the  latter.  The 
working  chamber  eventually  forms  one  sec- 
tion of  the  low-level  tunnel ;  the  upper  cham- 
ber forms  the  corresponding  section  of  the 
upper-level  tunnel.  The  lower  chamber  was 
provided  with  an  air-tight  lining  cemented  in 
position  to  prevent  the  leakage  <>t  air  pressure 
through    the    porous    concrete. 
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iRACTICAL  ITEMS  for 
PRACTICAL  MEN. 


To  the  Editor  of  Compressed  Air: 

Dear  Sir. — I,  believing  you  are  in  search  of 
information  in  relation  to  the  practical  side  of 
compressed  air.  will  in  the  following  few  lines 
trj'  to  give  some  of  my  experiences  in  repair- 
ing pneumatic  stone  tools. 

If  the  instructions  given  by  every  manufac- 
turer of  stone  carving  tools  were  followed 
closely,  their  repair  bills  would  be  a  great  deal 
less.  Sometimes  in  my  experience  we  have  had 
to  cut  away  the  outer  casing  on  carving  tools 
just  because  the  user  has  neglected  to  soak  the 
tool  in  coal  oil  over  night  and  has  used  in- 
stead of  a  pneumatic  oil  any  oil  which  was 
handy.  The  ports  become  clogged  up  and  no 
amount  of  soaking  will  dislodge  the  grit  from 
these  ports.  This  clogging  does  not  take  place 
immediately,  but  goes  on  gradually  and,  you 
might  say,  is  not  noticeable  until  perhaps  a 
new  tool  is  started,  then  the  other  is  noticed 
not  to  be  working  up  to  standard.  The  re- 
dress is  the  repair  shop.  Now.  again,  this 
neglect  to  clean  the  tool  will  cause  fine  parti- 
cles of  foreign  matter  in  the  air  to  collect  in 
the  ports,  these  particles  being  so  fine  that, 
were  the  tools  clean,  they  would  go  through 
without  lodging;  but  when  collected  together 
they  are  dangerous,  especially  when  the  user 
realizes  that  he  has  been  starving  the  tool  and 
then  gives  it  a  large  dose  of  lubricating  oil 
without  taking  it  apart  and  cleaning  it.  This 
is  the  time  that  these  small  particles  of  grit 
get  in  their  work,  causing  the  tool  to  wear 
loose  sooner  than  it  should.  This  is  only  one 
small  word  of  advice  to  the  users  of  pneu- 
matic tools,  but  if  followed  up  they  will  find 
that  this  neglect  is  costing  them  more  than 
they  think.  John   Grace. 


pand  and  burst  the  pipes  as  water  would  when 
freezing.  A  test  of  the  system  on  the  Boston 
and   ^lain   Railroad  is  said  to  have  been  very 

satisfactorv. 


HEATING  RAILROAD  SWITCHES. 

The  Scientific  American  directs  attention  to 
a  new  method  of  heating  railroad  switches. 
The  greatest  difficulty  that  railroads  have  to 
contend  with  in  winter  time  is  the  blocking 
of  switches  with  snow  and  ice.  When  the 
snow  is  wet  and  freezes,  the  difficulty  in- 
creases. To  overcome  these  serious  conditions 
attempts  have  been  made  to  heat  the  switches 
with  electricity,  but  that  has  proved  expensive 
and  dangerous.  Steam-heated  switches  have 
also  met  with  but  little  success,  due  to  the 
danger  of  condensation  and  subsequent  freez- 
ing, which  would  entirely  block  the  steam 
pipes.  A  new  system  has  been  developed  in 
which  oil  is  used  in  place  of  steam — hot  oil 
of  a  special  quality  circulated  through  pipes 
placed  between  the  ties.  The  advantage  of 
oil  over  steam  is  that  it  retains  the  heat  bet- 
ter, and  will  not  chill  to  25  degrees  below  zero. 
Furthermore,  if  it  should  chill,  it  will  not  ex- 


REVERSIBLE    STEAM    TURBINE. 

A  recent  issue  of  the  Mechanical  Engineer 
gives  a  description  of  a  reversible  steam  tur- 
bine, in  which  the  reversal  is  effected  by  two 
sets  of  vanes  set  on  concentric  circles  with 
reference  to  the  rotating  shaft,  one  set  of 
veins  being  so  constructed  as  to  move  the, 
shaft  forward  and  the  other  so  as  to  move  it 
in  the  reverse  direction.  Leakage  of  steam 
from  the  various  passages  is  prevented  by 
means  of  light  steel  stampings  used  to  cover 
annular  openings  in  the  stationary  element  into 
which  it  is  admitted  and,  by  its  escaping 
through  the  narrow  openings  under  the  steel 
stampings,  has  its  velocity  so  increased  that 
leakage  of  live  steam  in  the  reverse  direction 
is  prevented. 


SUPERHEATED  STEAM. 

The  following  statements  regarding  the  use 
of  superheated  steam  can  be  readily  derived 
from  the  principles  of  its  action : 

First,  superheated  steam  is  more  effective 
in  saving  with  simple  than  with  compound 
or   multiple-stage    engines,    or    conversely. 

Second,  with  superheated  steam  there  is  less 
need  for  multiple-stage  engines  beyond  the 
compound. 

Third,  superheated  steam,  in  order  to  realize 
its  full  possibilities,  should  be  carried  in  super- 
heat to  a  point  which  will  insure  a  super- 
heated vapor  throughout  the  admission  and 
expansion  stages  of  the  cycle.  With  high- 
expansion  ratios  this  will  be  difficult  to  realize 
completely,  but  the  more  nearly  this  condition 
is  fulfilled  the  more  effective  the  action  in 
reducing   the    loss    by   cylinder   condensation. 

Fourth,  superheating  carried  beyond  this 
point  will  be  of  little  additional  value  and  will 
scarcely  justify  the  additional  expense. 

Fifth,  superheating  should  be  carried  to  a 
higher  degree  as  the  expansion  ratio  is  higher, 
and  therefore  to  a  higher  degree  for  compound 
and  multiple-stage  engines  than  for  a  simple 
engine. 

Sixth,  a  moderate  degree  of  superheat  is  of 
comparatively  small  value,  for  the  reason  that 
the  steam  is  quickly  reduced  by  the  operation 
of  expansion,  or  even  before,  to  the  saturated 
or  moist  condition,  with  the  resulting  increase 
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in  the  loss  by  the  activity  of  the  secondary  or 
'"cast-iron"  cycle.  While  there  is  no  sharp 
line,  and  while  some  gain  will  be  derived  from 
low  degrees  of  superheat,  such  gains  will  hard- 
ly begin  to  be  significant  until  a  superheat 
of  some  40°  or  50°  is  realized,  and  from  such 
point  upward  the  gain  will  be  continuous  for 
further  superheat  until  the  approach  of  the 
limit  mentioned   under  the  third  conclusion. 

Seventh,  superheating  maj'  be  carried  out  in 
stages  between  the  operations  of  expansion,  as 
in  the  receiver  of  a  compound  engine,  and  in 
such  case  the  sum  of  the  partial  superheats 
may  be  made  less  than  when  the  entire  opera- 
tion is  carried  out  at  once,  as  in  the  usual  ar- 
rangement.— Engineering   Record. 


CHIPPINGS. 


COST  OF  POOR  LUBRICATION. 

The  Southern  Engineer  in  a  very  excellent 
article  on  "Cylinder  Lubrication"'  mentions  a 
certain  engine  builder  who  was  an  advocate 
of  the  practice  of  using  no  oil  on  the  valves 
and  cylinders  of  engines.  He  installed  an  en- 
gine in  a  neighboring  plant,  taking  care  that 
no  oil  or  grease  be  used  in  tapping  or  boring, 
claiming  that  if  there  was  never  any  oil  or 
grease  used  in  the  pores  of  the  iron,  the  con- 
densation of  steam  would  adher  to  the  metal. 
Consequent!}-  no  holes  were  drilled  in  the 
steam  pipe  of.  the  engine  whereby  oil  could  be 
introduced.  The  engine  was  in  use  for  a 
number  of  years,  and  during  this  time  the 
cylinder  head  was  removed  frequently  for  ex- 
amination. At  no  time  could  any  perceptible 
wear  be  detected  by  the  use  of  calipers  and 
straight  edge,  either  in  the  valve  or  the  cylin- 
der. 

Thi.s  test  should  convince  any  fair-minded 
person  that  it  is  not  absolutely  necessarj'  to  use 
a  lubricant  in  a  properly  constructed  engine. 
To  offset  this  very  desirable  showing  is  the 
fact  that  it  was  shown  from  indicator  cards 
that  the  coal  consumption  was  enormous.  Af- 
ter several  years  run  under  the  above  condi- 
tions a  lubricator  was  attached  to  the  engine. 
Since  then  it  has  shown  a  saving  of  1-3  pounds 
of  coal  per  horse  power  per  hour. 


Crude  oil.  according  to  the  results  of  recent 
experfments,  has  a  fuel  value  per  pound 
equal  to  that  of  2,785  pounds  of  California 
coal.  The  oil  weighs  7.6  pounds  per  gallon, 
so  that  94>2  gallons  equal  a  ton  of  the  coal 
specified. 


WHAT  HOT  AIR  COSTS  BELGIUM 

.\  Belgian  statistician  lias  just  made  the  dis- 
covery that  the  sittings  of  the  Belgian  Parlia- 
ment cost  the  nation  $1,457  an  hour,  or  more 
than  $24.00  a  minute.  He  deduces  that  most 
of  this  money  is  lost  to  the  nation  because  of 
useless  loss  of  time  expended  in  the  making 
of  the  laws,  long  speeches  which  never  carry 
conviction  into  the  enemy's  camp,  interruptions 
and  applause. 


A  centrifugal  pump,  to  operate  at  a  high  ef- 
ficiency, is  necessarily  limited  to  special  pur- 
poses. With  refined  machines,  80  per  cent,  of 
useful  effect  is  attainable,  but  one  that  will 
utilize  60  per  cent,  of  the  power  applied  is 
likely  to  be  the  best  machine  to  buy.  The  ef- 
ficiency attainable  in  various  uses  is  from  40 
to  80  per  cent,  being  lowest  in  dredging  ma- 
chines, but  the  strange  feature  of  the  matter 
is  the  constant  inquirj-  respecting  efficiency.  A 
customer  will  go  to  a  maker  or  dealer  in  dis- 
placement pumps  and  purchase  one  to  operate 
at  an  efficiency  of  25  to  35  per  cent,  and  never 
make  an  inquirv  or  ask  a  guaranty  of  effect. 


HAPPY    MEXICO. 

The  most  remarkable  mountain  of  iron  in 
the  world  is  in  the  State  of  Durango,  Mex- 
ico :  it  is  4,800  feet  long  by  1,100  feet  wide  and 
640  feet  high.  Engineers  estimate  that  it  con- 
tains between  500,000,000  and  600,000,000  tons 
of  ore  above  the  surface,  and  it  is  known  that 
the  deposit  extends  under  ground  for  a  radius 
of  three  or  four  miles  in  all  directions.  The 
ore  is  high  grade,  containing  roughly  70  per 
cent,  iron  and  only  about  0.03  per  cent,  phos- 
phorus. People  who  dig  wells  or  sink  shafts 
for  any  purpose  in  the  vicinity  of  Durango 
strike  iron,  and  there  is  a  theory  that  75  to 
100  feet  below  the  surface  is  a  solid  stratum 
of  iron  covering  an  area  as  big  as  a  county. 
There  is  enough  iron  in  sight  to  last  the  en- 
tire world  for  a  centurv. 


SUBWAY  COOLING  PLANTS. 

An  cxi)criinciital  pl.iiit  for  cooling  the  air  in 
the  Brooklyn  Bridge  station  of  the  New  York 
Subway  is  under  construction.  It  is  expected 
that  it  will  be  in  operation  before  the  end  of 
August,  and,  if  it  is  successful,  similar  plants 
will  be  built  at  other  stations.  The  principle 
of  the  plants,  there  being  two  of  them — one 
on  the  uptown  and  one  on  the  downtown  side 
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— is  that  of  cooling  air  by  passing  it  over  cool 
water  forced  through  large  coils.  There  are 
fans  to  draw  the  fresh  air  in  from  the  street, 
and  also  to  force  it  into  the  station  after  it 
has  been  cooled.  The  water  used  in  cooling 
the  air  is  obtained  from  four  driven  wells,  two 
at  the  northern  end  of  each  platform.  There 
is  a  pump  capable  of  drawing  450  gallons  of 
water  a  minute  connected  with  each  pair  of 
wells.  The  w-ater,  which  comes  out  at  a  tem- 
perature of  from  52  to  62  degrees  Fahr.,  is 
-conducted  to  two  large  coils  of  pipes,  over 
which  the  air  passes.  Each  coil  has  a  surface 
sufficient  to  cool  75,000  cubic  feet  of  air  a 
minute.  From  the  coolers  the  air  will  be  dis- 
tributed to  the  station  through  large  galvanized 
iron  ducts  running  over  the  four  platforms.  It 
is  estimated  that  the  temperature  in  stations 
will  be  lowered  at  least  fifteen  degrees.  Sev- 
eral other  cooling  experiments  will  be  tried 
this  summer,- and  by  another  season  it  is  hoped 
to  have  all  the  stations  equipped  with  the  de- 
vice that  proves  the  most  successful.  Work 
is  also  going  on  now  in  making  the  openings 
between  the  stations,  in  which  automatic  valves 
are  to  be  installed. 


In  discussing  the  widening  use  of  compressed 
air  in  shop  and  foundry.  Professor  J.  J.  Flath- 
•er,  in  "Cassier's  Magazine"  says : 

"In  most  cases  no  attempt  has  been  made  to 
use  the  air  efficiently ;  its  great  convenience 
and  the  economy  produced  by  its  displace- 
ment of  hand  labor  have  until  recently  been 
accepted  as  sufficient,  and  greater  economies 
have  not  been  sought. 

"In  the  matter  of  compression  we  still  oc- 
casionally find  very  inefficient  pumps  in  use, 
Tjut  manufacturers  generally  have  learned  that 
it  pays  to  use  high  grade,  economical  com- 
pressors. The  greatest  loss  is  that  in  the  air 
motor  itself.  In  a  large  number  of  cases  it  is 
impracticable,  or,  at  most,  inconvenient  to  em- 
ploy re-heaters,  and  we  find  very  generally 
that  the  air  is  used  at  normal  temperature  for 
the  various  purposes  to  which  it  is  applied. 

"To  obtain  the  most  satisfactory  results,  the 
air  must  be  used  expansively;  but  usually 
where  the  demand  for  power  is  intermittent, 
no  attempt  has  been  made  to  reheat  the  air, 
and  as  a  result  the  combined  efficiency  of  com- 
pressor and  motor  is  quite  low,  varying  in 
general  from  20  to  50  per  cent.  While  low 
working  pressures  are  more  efficient  than 
high,  the  use  of  such  pressures  would  demand 


larger  and  heavier  motors  and  other  apparatus 
which  is  undesirable.  The  advantages  of  high- 
er pressures  in  reducing  cost  of  transmission 
are  also  well  recognized,  and  the  present  tend- 
ency is  to  use  air  at  100  to  150  pounds  instead 
of  the  60  or  70  pounds  of  a  few  years  ago. 

"By  reheating  the  air  to  a  temperature  of 
about  300  degrees  F.,  which  may  often  be  ac- 
complished at  small  expense,  the  efficiency  is 
greatly  increased ;  in  some  cases  the  increase 
has  been  found  to  be  as  high  as  80  per  cent. 
While  the  lower  pressures  are  yet  more  effi- 
cient, the  loss  due  to  higher  compression  is  not 
serious. 

"If  air  be  used  without  expansion,  there  is 
a  material  loss  in  efficiency ;  but,  on  the  other 
hand,  if  it  be  used  expansively  without  re- 
heating, trouble  may  be  experienced  from  drop 
in  temperature  below  the  freezing  point.  With 
moisture  present,  this  drop  will  cause  the  form- 
ation of  ice,  which  may  clog  the  passages  if 
proper  precautions  are  not  taken  to  prevent 
it.  The  low  temperature  will  not  in  itself 
cause  trouble :  if,  therefore,  the  moisture 
which  the  compressed  air  holds  in  suspension 
be  allowed  to  settle  in  a  receiving  tank,  placed 
near  the  motor  or  other  air  apparatus,  and  fre- 
quently drained,  trouble  from  this  cause  will  be 
largely  avoided. 

"While  it  may  be  impracticable  to  reheat  the 
air  in  certain  cases,  yet  there  are  many  situa- 
tions where  a  study  of  means  to  overcome  the 
losses  referred  to  would  result  in  marked 
economies." 


A  PNEUMATIC  TIDAL  GAUGE. 

Owing  to  the  fact  that  no  fewer  than  522 
dangerous  rocks  and  shoals,  twenty-six  of 
which  "were  discovered  by  vessels  striking  on 
them."  were  reported  to  the  British  Admiralty 
in  1905,  the  Admiralty  has  been  experimenting 
with  an  instrument  calculated  to  be  of  much 
service  in  localities  where  a  shelving  and 
shifting  beach  necessitates  a  tide  pole  or  tide 
watchers. 

The  instrument  is  called  the  manometer. 
This  is  described  as  a  pneumatic  tide  gauge, 
fitted  with  a  reservoir  of  compressed  air.  the 
pressure  due  to  the  height  of  the  tide  being 
balanced  by  the  recorded  pressure  of  a  con- 
tinuous current  of  air  passing  through  the 
apparatus  and  slowly  escaping  through  rubber 
tubing  at  a  fixed  point  under  water. 

The  Admiralty  report  on  the  subject  states: 
"It  is  a  remarkable  fact  that  the  number  of 
rocks  and  shoals  discovered  each  year  steadily 
increases;  while  such  continues  to  be  the  case 
the  need  is  obvious  for  more  numerous  and 
more  detailed  hydrographic  surveys." 
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823,281.      TRAIN-STOPPING   APPARATUS.      John 

H.    Ki.N-G,    Cincinnati,   Ohio.     Filed  April   8,    1905. 

Serial    No.    254,473. 
823,315.      AIR-SUPPLY    APPARATUS     FOR    AIR- 

BR.-VKES.       Ernest     B.     Allen,     Louisville,     Ky. 

Filed  Feb.  13,  igo6.  Serial  No.  300,852. 
Claim. — An  air-supply  apparatus  for  air-brakes,  com- 
prising a  main  reservoir  for  compressed  air,  a  single- 
acting  pump  mounted  on  the  truck  and  having  at  one 
end  a  suction-valve  opening  inwardly  from  the  atmos- 
phere and  an  outlet-valve  with  pipe  leading  therefrom 
to  the  reservoir,  a  cam  fixed  to  the  car-axle,  a  piston 
in  the  pump-cylinder  with  rod  and  shoe  having  a 
range  of  adjustment  to  or  from  the  cam,  a  slide-rod 
arranged  beside  and  outside  the  pump-cylinder  and 
having  an  arm  connected  to  the  piston-rod  and  shoes 
and  means  for  adjusting  said  slide-rod  and  shoe  to 
contact  with  the  actuat:ng-cam  substantially  as  de- 
scribed. 
824,250.  ^  PNEUM.\TIC-TOOL   HOLDER.      Ambrose 

E.    KxAPP,    Seattle,    Wash.      Filed    Nov.    27,    1905. 

Serial   No.    289,232. 


Claim. — In  a  tool-holder,  the  combination  of  a 
sleeve  having  a  square  hole  and  dovetail  slots  longi- 
tudianlly-extending  engaging  members  mounted  in  said 
slots  and  provided  with  teeth  on  their  outer  sides  and 
a  plurality  of  inclines  on  their  inner  sides,  said  sleeves 
having  inclines  corresponding  thereto,  a  spring-ring 
adapted  to  hold  said  engaging  means  in  position,  a 
tool-holder  comprising  parallel  rods  secured  to  one 
end  of  said  sleeve,  and  a  tool-carrier  slidably  mount- 
ed on  said  rods. 

824,351-    STONE-QU.\RRVING   MACHINE.    Emer- 
son   T.    Morris,    Derwent,    Ohio,   assignor   of   one- 
half  to  George  H.   Morris,   Derwent,   Ohio.     Filed 
March  8,   1905.     Serial   No.  249,120. 
Claim. — In  a  stone-quarrying  machine,   the  combina- 
tion of  a  stationary  structure,  a  main   framework  sup- 
ported  thereby,    means   for   imparting   a   rectilinear   re- 
ciprocating movement   thereto,   a   cutter   mounted   upon 
said   framework,   means  for  reciprocating  the  cutter  at 
a  right  angle   to   the   plane   of   movement   of   the   main 
frarnework,   a  second   framework,   operating  mechanism 
carried  by  said  second   framework,  a   feed   mechanism, 
connecting   means    between    said    operating    mechanism 
and  said  cutter  and  freed  mechanism,  a  crank  connec- 
tion between  said  second  framework  and  the  stationary 
structure    and    slidable    with    reference    to    the    latter, 
whereby   provision   is  had   for   proper   feed   of   the  cut- 
ter,   and    a    telescoping    guide    connection    between    the 
main   framework  and  said  stationary  structure. 
824,585.       PNEUMATIC     GR.MN-MOVINf;     APP.\- 
R.ATU.S.     TfLii-s  C.   Reith  and  John   H.  Cham- 
berlain, Chicago,  111.     Filed  June  5,   1905.     Serial 

824,681.'       p'rE.SSL'RE-REGULATOR.        Frank      M. 

Ashley.    Hrooklyn,   N.   V.,   assignor  of  one-half  to 

Albert  T.   Scharps,    New   York,   N.    Y.      Filed   Feb. 

19,    1902.      Serial    No.    94.727. 
824,683.     PNEUMATIC  CARPET-CLEANER.     John 

L.  Chesnutt,  Chicago,  111.,  assignor  to  Thomas  G. 


Orwig,  Des  Moines,  Iowa.  Filed  Tan.  2,  1903. 
, Renewed  Nov.  29,  1905.  Serial  No.  289,666. 
Claim. — In  a  pneumatic  carpet-cleaner,  an  open- 
bottomed  case  having  vertical  grooves  in  the  inside 
faces  of  its  ends  and  an  air-distributer  having  fixed 
journals  on  its  ends  adapted  to  traverse  said  grooves 
to  change  the  inclination  of  the  air-distributer,  com- 
bined to  operate  as  set  forth  for  the  purposes  stated. 
824,604.     PNEUMATIC  TIRE.     Charles  R.  Twitch- 

ell,    Los    .Angeles,    Cal.,    assignor    of    one-half    to 

James  M.  Krennan.  Los  .\ngeles,  Cal.     Filed  Sept. 

25,    1905.      .Serial   No.   280,029. 
824,712.      AIR-HRAKE    MECHANISM.      John    Dil- 

lander,    San   Francisco,   Cal.      Filed   July   6,    1904. 

Serial  No.  215,4" 


Claim. — In  air-brake  mechanism,  a  main  valve,  a 
graduating-valve,  and  independent  pistons  for  moving 
said  valves  successively  on  a  graduated  application, 
and  simultaneously  through  the  entire  stroke  on  an 
emergency  application. 
824,718.      FLUID-PRESSURE    BR.VKE.       Tames    A. 

Hicks   and    Frank    H.    Hill,    .\tlanta,    Ga.      Filed 

July  27,  1905.  Serial  No.  271,491. 
Claim. — In  a  fluid-pressure  brake  svstem,  means  for 
directing  air  from  the  main  brake-pipe  directly  into 
the  brake-cylinder  independently  of  the  triple  valve, 
and  automatic  means  controlled  by  auxiliary  pressurue 
for  establishing  and  cutting  off  the  flow  of  air  from 
the  brake-pipe  to  the  brake-cvlinder. 
824,876.       -UR-LOCK     FOR'    CAISSONS.       Samuel 

Mattsox,  New  York,  and  William  M.  Torrance, 

Yonkers,   N.   Y.      Filed   Oct.   27,    1905.     Serial   No! 

284,609. 


Claim. — In  an  air-lock  the  coinhination  with  one  of 
the  openings  thereto,  of  a  main  door  constructed  to 
close  entirely  across  the  opening  and  provided  with  a 
rope-passing  slot  extending  from  one  edge  to  the  mid- 
dle part  of  the  door  with  respect  to  the  opening,  anrl 
a  slot-closing  door  hinged  from  the  side  of  the  lock 
opposite  the  side  from  which  the  main  door  is  hinged, 
and  constructed  to  close  the  slot  when  the  main  aoor 
is  closed. 
825,077.     FLUID-PRESSURE  BRAKE.     William  H. 

.Sai'vage,    New    York,    N.    Y.,   assignor   to   .Saiivagc 

.Safety    Brake    Company,    a    Corpdrntion    of    New 

Tersev.      Filed   Dec.   26.    iQos,.      Serial   No.   -■93,160. 
825,113.     SUPPORT  FOR  CO.Vr.-DRII.I.S.     William 

H.    Clarkson.    Edwards    .Station.    III.,    assignor    to 

ICIuidc   J.    Clarkson,    Edwards    .Station,    111.      Filed 

Tan.    in,    190!;.      Serial    No.    243.290. 
825. 160.      PKOCtlSS    OF    AND    APPARATl'S    T'OR 

BLOWING      HOLLOW      GLASS      ARTICLES. 

I'AfL  T.   .Si evert.   Dresilen,  Germany.      Kiled  Jan. 

7,    190;.      .Serial    No.    240,003. 

164.      ELASTIC-FLUID    TURP.INE.      Enwiv    F. 

Taylor,  Wyncote,  Pa.    Filed  Oct.  29,  1904.    Serial' 

No.  230.536. 


825. 
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Casper   W.    Miles,    Cincinnati,    Ohio. 
I,    1905.      Serial   No.   258,1c 


Filed   May 


825,301.     HYDROPXEUMATIC  PRE.SS.     Edwin   D. 
CoDDiNGTOX,    North    Milwaukee,   Wis.      Filed   Aug. 
5,    1903.     Serial   No.    168.250. 
Claim. — In  a  hydropneumatic  press   the  combination 
with  a  ram  and  a  cylinder  therefor,  of  a  cylinder  pro- 
vided   with     two    indeoendently-movable     pistons,     and 
■with    a    tubular    extension    having    larger    and    smaller 
bores,  and  plungers  attached  to  said  pistons  and  fitted 
one    within    the    other    to    work    in    the    smaller    and 
larger    bores    respectively    of    said    cylinder    extension, 
substantially    as    described. 

825,592.  DE\ICE  FOR  INFLATING  PNEUMATIC 
TIRES.  Alfred  T.  Fisher,  Brooklyn,  N.  \. 
Filed  Dec.  5,  1904.  Renewed  June  14,  1906. 
Serial  No.  321,668. 
825,669.  PNEUMATIC  TOOL.  Herman  Leine- 
WEBER,  South  Chicago,  111.,  assignor  to  Interna- 
tional Tool  Company  of  Chicago,  a  Corporation 
of  Illinois.  Filed  March  20,  1905.  Serial  No. 
251,048. 


Claim. — In  a  pneumatic  tool,  the  combination  with 
the  casing  containing  a  reciprocating  piston  and  air- 
chambers  at  opposite  ends  thereof,  to  which  the  actuat- 
ing air-pressure  is  fed  through  the  piston,  and  from 
which  said  pressure  is  exhausted,  of  an  impact-shoulder 
in  the  forward  chamber,  a  bushing  seating  against  said 
shoulder,  a  tool  inserted  at  its  stem  into  the  casing 
through  said  bushing  and  shoulder,  said  stem  contain- 
ing a  longitudinal  groove,  a  tubular  nut  screwed 
through  the  casing  into  said  bushing,  and  a  spring- 
pressed  stud  confined  in  said  nut  and  working  through 
the  casing  and  bushing  to  engage  said  groove,  for  the 
purpose  set  forth. 

825,719.  HYDRAULIC  AIR-COMPRESSOR.  Max 
F.  GuTERMUTH,  Darmstadt.  Germany.  Filed 
.April    29,    1902.      Serial   No.    105,137. 


Claim. — A  hydraulic  compressor  comprises  a  series 
of  suction-pipes  provided  with  air-inlets,  and  a  com- 
pression-pipe having  at  its  upper  end  a  series  of  tubes 
or  channels  each  connected  with  one  of  the  suction- 
pipes,  the  said  tubes  or  channels  converging  down- 
wardly, while  the  lower  portion  of  the  compression- 
pipe  is  constituted  by  a  single  comparatively  wide 
pipe. 
825,786.     AIR-P.RAKE     GOVERNOR.     Leonard     F. 

Williams,  Thurber,  Texas.     Filed  Aug.  26,   1903. 

Serial  No.   170,849. 
825,935.    MACHINE  FOR  DELIVERING  LIQUIDS. 

Philip    Povlotzky,    Chicago,    111.      Filed   Sept.    6, 

1905.  Serial  No.  277,243. 
Claim. — In  a  machine  for  delivering  liquids,  the 
combination  with  a  valve-controlled  supply-oipe,  and 
a  delivery-pipe  having  means  to  supply  air-pressure 
thereto,  of  a  cup  adapted  to  carry  liquid  and  movable 
from  the  supply-pipe  to  the  delivery-pipe. 
825,950.      STEAM-ENGINE    AIR-PUMP.      William 

Weir,   Cathcart,   Scotland.      Filed   Sept.   28,    1905. 

Serial   No.   280,492. 
825,961.     PNEUMATIC   HAIR-COLLECTOR.    James 

W.    Deckert,    Oakville,    Canada.      Filed    Oct.    4, 

1905.      Serial   No.    281,260. 
825.973.       COMPRESSOR     FOR     ICE-MACHINES. 


Claim. — In  an  ice-machine  compressor  having  a 
jacketed  vertical  cylinder,  and  an  inlet-valve  in  the 
plunger  so  that  the  cool  gas  enters  through  the  plun- 
ger and  escapes  at  the  upper  end  of  the  cylinder,  an 
oil-receptacle  on  the  interior  face  of  the  plunger,  an 
annular  oil-receptacle  at  the  lower  end  of  the  outer 
face  of  the  plunger,  said  interior  oil-receptacle  being 
at  greater  elevat.on  than  the  exterior  oil-receptacle, 
and  a  passage  through  the  plunger-wall  connecting  said 
oil-receptacle. 
825,990.      FLUID-PRESSURE   BRAKE.     Walter   V. 

Turner  and   David   M.    Lewis,   Raton,   New   Mex., 

assignors    to    The    Westinghouse   Air    Brake    Com- 
pany,   Pittsburg,    Pa.,    a    Corporation    of    Pennsylvania. 

Filed    Aug.    29,     1902.       Renewed    Nov.    5.     1904. 

Serial  No.  231,542. 
Claim. — In  a  fluid-pressure  brake,  the  combination 
with  a  train-pipe  and  brake-cylinder  of  a  valve  for 
controlling  the  brake-cylinder-exhaust  port,  a  movable 
abutment  operated  by  an  increase  in  train -pipe  pres- 
sure for  moving  said  valve  to  restrict  said  port  and 
yielding  means  for  returning  said  valve  to  open  said 
port. 
825,997.      PNEUMATIC    MOTOR.      Peder    Wiggen, 

Chicago,    111.      Filed    Sept.    23,    1905.      Serial    No. 


279,769. 


^ 


(D 


7--^ 


Claim. — In  a  pneumatic  motor,  the  combination  with 
a  main  casing  or  supporting-frame  having  an  e.x- 
haust-conduit  and  provided  with  inlet  and  exhaust 
ports,  of  a  chambered  casing  inclosing  the  exhaust- 
ports,  a  series  of  pneumatics  on  the  casing  and  hav- 
ing communication  with  the  inlet-ports  and  exhaust- 
conduit,  a  crank-shaft  journaled  on  the  main  frame, 
connections  uniting  the  pneumatics  to  the  cranks  of 
said  shaft,  a  series  of  rock-shafts  journaled  on  the 
frame,  an  arm  mounted  on  each  of  said  shafts  and 
extending  in  opposite  directions  therefrom,  a  valve  on 
one  end  of  each  of  said  arms  to  open  and  close  the 
inlet-ports  and  a  valve  on  the  other  end  of  each  of 
said  arms  to  open  and  close  the  exhaust-ports,  and 
connections  uniting  the  rock-shaft  and  cranks  of  the 
crank-shaft,  substantiallv  as  described. 
826,018.       HOSE-COUPLING.       Isaac     R.     Concoff, 

Portland,   Ore.     Filed  Nov.  21,   1904.     Serial  No. 

233,770. 
826,064.      PUMP.      John    T.    Reilly,    Louisville,    Ky. 

Filed  June  19,  1905.  Serial  No.  265,902. 
Claim. — An  air-displacement  pump  embodying  a  cyl- 
inder, a  hollow  inclosed  supporting-base  therefor  di- 
vided into  separate  water-inlet  and  water-delivery 
compartments  which  communicate  with  the  cylinder 
through  the  top  of  the  base,  intake  and  outlet  valves 
located  in  the  cylinder-bottom  and  controlling  such 
communication,  an  air-valve  for  said  cylinder,  and 
valve-operating  connections  between  said  valve  and  a 
float   within   the   cylinder. 
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IT  has  been  said  that  what  is  sauce  for  the  goose  is 
sauce  for  the  gander,  or,  as  a  later  day  genius  re- 
marked, what  is  sauce  for  the  goose  is  saucy  for  the  gosling. 

^  In  the  interest  of  COMPRESSED  AIR  and  for 
the  purpose  of  securing  paid  subscriptions  from  a  num- 
ber of  people  who  for  one  reason  or  another  had  been 
receiving  the  paper  free  for  various  periods,  we  com- 
posed at  the  expense  of  considerable  grey  matter  a  letter, 
several  hundred  copies  of  which  we  mailed  to  our  erst- 
while "  subscribers." 

^  Having  sent  out  this  sauce,  it  is  only  fair  to  those 
who  received  our  hint  to  reprint  some  of  the  sauciness 
which  was  handed  back  to  us  by  return  mail. 

Q  The  letter  which  we  sent  out  read  as  follows  : 

Gentlemen  : 

Sherman  said,  "War  is  hell  1  "  We  could  say  the  same 
about  building  up  a  good  list  of  subscribers.  Vou  have 
never  answered  our  letter  which  we  sent  you  when  we 
took  hold  of  "  Compressed  Air,"  and  we  were  forced  to 
conclude  that  you  did  not  think  the  paper  worth  anything 
tinlfss  you  got  it  for  nothing.  Much  as  we  should  like  to 
scatter  our  words  of  wisdom  to  the  four  corners  of  the 
earth  free  of  charge  to  everybody,  the  United  States 
Postal  Laws  do  not  permit  of  our  doing  this  except  at  an 
expense  which  makes  our  philanthropy  look  sick. 

We  have  a  list  of  over  a  thousand  people  who  used  to 
get  "Compressed  .Air"  for  nothing,  and  out  of  that 
thousand  there  were  ten  who  responded  to  our  letter  and 
sent  us  $1.00  apiece  when  we  told  them  that  we  could  not 
go  on  giving  our  paper  away.      The  other  nine  hundred 


and  ninety  handed  us  a  green  lemon,  by  ignoring  our 
communication  and  intimating  by  a  vast  and  deep  silence 
that  all  the  numbers  of  "  Compressed  .Air  "  which  they 
H.AD  received  were  not  worth  a  paid  subscription  of 
$1.00  which  we  requested  in  order  to  help  put  the  maga- 
zine on  its  feet- 

We  are  willing  to  let  bygones  be  bygones  but  we  don't 
want  our  old  readers  to  be  hasbeens  and  we  are  more 
than  willing  to  meet  you  three-quarters  of  the  way.  Send 
us  your  order  and  we  will  enter  your  subscription  until 
J.AXUARY,  1908,  sending  you  the  paper  for  the  remain- 
der of  this  year.  I  f  this  does  not  appeal  to  you,  and  if  we 
do  not  hear  from  you.  we  are  liable  to  insist  more  strongly 
upon  your  subscribing  even  if  we  have  to  send  each  new 
subscriber  a  check  for  $100.  Don't  put  yourself  in  the 
position  of  being  under  obligations  to  us.  but  send  us  a 
dollar  and  get  a  full  dollar's  worth  of  paper,  ink  and 
brains  in  return. 

.Awaiting  your  reply  with  feverish  expectancy,  we  are. 
Yours  very  truly. 


^  At  first  blush  it  might  seem  that  a  letter  such  as  the 
above  is  decidedly  too  light  and  airy  a  method  of  solicit- 
ing subscriptions,  but  we  resolved  to  take  the  chance  as 
our  former  letters,  written  in  a  sober  and  dignified  vein, 
seemed  to  fall  on  barren  ground. 

fl  Imagine  the  shock  on  opening  the  first  reply  and 
finding  the  following: 

(.c;nti,em  kn: 

Your  letter  of  .August  3rd  just  received.  We  must  con- 
fess that  it  is  the  worst  specimen  of  an  advertising,  or 
business  getting  letter  that  we  have  ever  had  occasion  to 
read.     A   more   insulting   or   cheap   affair   could   not   he 
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written  If  vou  will  take  the  trouble  to  glance  on  your 
books,  you  will  see  that  we  have  a  paid  up  subscription 
to  ■'Compressed  Air"  to  January. 9.  1907.  If  we  subscribe 
again,  it  will  be  because  your  paper  shows  extraordinary 
merits  during  the  remainder  of  this  year,  and  not  because 
of  brilliant,  slurring  letters  like  the  one  just  received. 

A   beginner  in  an   advertising    course    of   instruction 
would  know  enough  not  to  use  slang  in  a  letter. 
\'ery  truly  yours, 


q  The  second  letter  which  follows  caused  our  editorial 
hearts  to  beat  faster  still. 

("tEntlemex: 

I  presume  that  you  claim  to  be  gentlemen,  and  there- 
fore address  you  as  such,  but  if  one  may  judge  from  the 
tone  of  the  communication  on  the  other  side  there  is  a 
big  mistake  somewhere. 

1  have  received  several  copies  of  ''Compressed  Air"  it 
is  true,  but  I  have  no  recollection  of  ever  having  asked 
you  to  send  it.  Of  course,  if  you  want  to  send  out  copies 
of  your  paper  you  are  at  liberty  to  do  so,  but  it  is  a  dis- 
tinct insult  to  send  such  a  letter  after  them.  It  is  also  a 
big  business  mistake. 

Vou  neither  gain  subscribers  nor  friends  by  such 
methods. 

I  note  that  you  are  awaiting  my  reply  with  "feverish 
expectancy."     Well,  you  have  it. 

But  I  think  you  have  another  fever  coming  before  the 
"long  expected"  dollar  arrives. 

Yours  very  respectfully, 


^  When  the  third  letter  was  opened  we  experienced 
a  sensation  similar  to  that  which  one  encounters  after 
being  thrown  into  a  bathtub  full  of  ice  water. 

Gentlemen : 

Some  years  ago  I  was  asked  by  the  publishers  to 
accept  a  free  subscription  to  "  Compressed  Air."  I  did 
not  want  it  and  declined.  The  paper  came,  and  twice  I 
requested  its  discontinuance,  but  my  request  was  un- 
heeded. 

This  circular  letter  is  an  insult,  uncalled  for  and  in- 
judicious. It  will  make  990  minus  rather  than  possible 
clients.  If  I  really  wanted  your  publication  the  receipt 
of  such  a  concoction  of  abusive  slang  would  be  sufficient 
to  induce  me  to  look  elsewhere  for  any  inforrhation  or  in- 
struciion  in  the  line  of  pneumatics. 
Yours  truly. 


^  There  were  some  more  like  the  above,  but  our 
modesty  forbids  our  reprinting  thiem. 

fl  The  next  thirty  odd  letters  ofjened  were  as  amusing 
as  they  were  gratifying  and  lucrative.  For  fifteen  or 
twenty  minutes  it  rained  dollar  bills,  checks  and  money 
orders,  but  better,  far  better  than  the  actual  currency 
thrust  upon  us  were  the  re-assuring  sentments  and 
bantering  words  which  clearly  said,  ''  lets  be  friends."  A 
few  of  these  letters  read  a»  follows : 


Gentlemen : 

Yes;  "War  is  hell,"  likewise  are  many  other  aflfairs  in 
this  life,  one  of  which  is  the  parting  with  your  hard 
earned,  sweat  covered  $$$  without   getting  v.  r.  therefor. 

To  get  V.  r,  is  Heavenly,  therefore  to  get  ten  tims  v.  r. 
is  ten  times  Heavenly,  and  here  goes  One  "  Simoleon  " 
on  the  10  .Act,  viz-:  Compressed  Air  to  January  ist. 

Information  gained  from  your  last  issue  worth  more 
than  ten  times  the  annual  subscription. 

With  best  wishes  for  your  success,  I  beg  to  remain, 
Yours  very  truly, 


Gentlemen : 

There  is  a  question  in  my  mind  whether  the  quotation 
"  War  is  Hell  "  referred  to  in  your  letter  is  warmer  than 
the  letter  itself.  I  do  congratulate  you  upon  your  able 
presentation  of  your  situation,  and  in  appreciation  of 
same  I  enclose  herewith  my  check  for  $1.00,  for  which 
you  will  please  enter  my  subscription  for  one  year.  I  am 
sending  this  by  return  mail  in  order  that  you  will  not 
overwhelm  me  with  a  check  for  $100. 

I  trust  that   the  "lemon"  business   is  falling  off,  and 
that  in  future  it  will  be  confined  to  "plums." 
Yours  very  truly, 


Gentlemen: 

I  beg  to  acknowledge  your  very  clever  follow  up  letter 
asking  for  my  subscription.  I  lived  in  Missouri  and  wish 
to  be  "shown."  I  did  not  mean  to  hand  you  a  ''green 
lemon"  although  it  was  not  as  green  as  one  which  the 
former  proprietor  handed  me.  I  received  Compressed 
Air  about  six  years  for  nothing.     Cost  value  $6.00. 

I  furnished  one  article  on  the  pneumatic  tube  system 
of  St.  Louis  which  would  have  brought  me  $15.00  from 
Eng.  Xews  or  Eng.  Record. 

Just  before  my  article  was  published,  I  left  the  pneu- 
matic tube  business.  My  free  copy  was  stopped  and  I 
did  not  know  of  the  publication  of  my  article  till  a  friend 
told  me.  I  then  wrote  the  magazine  and  received  3 
copies  leaving  the  account  thus  : 

Green  Lemon 9.00 

Six  yrs.  subscription 6.00 

Credit 15.00 

By  one  article 15.00 

How  about  it  ? 

However  I  am  not  prejudiced  and  enclose  check  for 
subscription.     I  am  not  new  in  compressed  air  business 
and  subscribe  because  I  like  your  methods. 
Yours  very  truly. 


By  the  way  I  am  not  dodgfng  any  $100  checks. 


("iEntlemen  : 

Your  pathetic  or  rather  urgent  appeal  Circular  of  the 
3d  inst.  is  received.  We  find  ourselves  unable  to  resist 
your  arguments,  and  therefore  enclose  $1.00  which  pays 
for  the  publication  to  January  1908. 

Trusting  that  the  feverish  symptoms  will  abate  on 
receipt  of  this,  we  are, 

\'ery  sympathetically  yours, 
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Gentlemen ; 

Enclosed  please  find  check  for  one  dollar  which  I  send 
you  in  answer  to  your  letter  dated  August  3d,  1906,  which 
is.  I  cannot  help  remarking,  a  most  remarkable  composi- 
tion. I  certainly  have  never  received  from  you  before 
any  request  to  subscribe,  although  I  have  received  copies 
of  the  paper  from  time  to  time,  which  I  understood  from 
a  certain  source  were  sent  me  gratis,  and  I  offered  at  the 
time  to  subscribe  in  the  regular  way. 

Kindly  mail  all  my  communications  to  my  home  at  2416 
Clarendon  Road.  Flatbush.  Hoping  that  the  enclosed 
check  will  obviate  any  possible  repetition  of  Sherman's 
verbal  explosions,  and  that  you  will  allow  me  to  express 
my  satisfaction  with  the  general  contents  of  such  copies 
of  Compressed  Air  as  1  have  received  from  you.     I  am. 

Yours  truly, 


Gentlemen  : 

I  have  received  your  letter  of  .\ugust  3d,  and  note  your 
distressed  condition. 

I  am  going  to  surprise  you  by  sending  you  $1.00 — this  is 
not  so  much  for  the  magazine,  as  for  the  "Compressed 
Air"'  in  your  letter.  I  would  suggest  that  if  you  combine 
some  of  the  "green  lemons"  (ripend  by  this  time)  which 
you  received,  with  other  ingredients,  you  might  reduce 
'the  fever  of  which  you  complain. 

Yours  truly. 


^  It  may  seem  that  the  above  has  not  much  lo  do 
with  compressed  air,  but  under  the  heading  of  Office 
Chit  Chat  we  enjoy  the  extreme  satisfaction  of  talking 
about  ourselves  and  at  the  same  time  have  an  excellent 
opportunity  of  extending  our  apologies  to  those  who  may 
have  received  one  of  our  \Var  is  Hell  letters  and  have  as 
yet  been  too  full  for  utterance.  We  qualify  our  apolo- 
gies,  however,  in  that  they  apply  only  to  people  who  had 
a  legitimate  excuse  for  not  having  paid  their  back  sub- 
scriptions, and  we  realize  that  there  were  many.  We 
apologize  to  those  who  acknowledged  our  letter  and  sent 
their  subscriptions,  the  apology  in  such  case,  however, 
being  for  not  sending  our  letter  sooner  so  as  to  give  them 
the  benefit  of  subscribmg  sooner. 

^  To  the  remainder  of  our  list,  those  who  received 
our  letter,  and  have  not  answered  it,  and  have  been 
accepting  and  reading  COMPRESSED  AIR  without 
the  formality  of  paying,  we  extend  our  greetings  and 
assure  them  that  while  their  silence  may  be  irritating  we 
cannot  but  admire  their  rhinocerous-like  indifference  to 
app>eals,  the  preparation  of  which  is  so  labored  and  the 
mailing  of  which  is  so  painful  and  yet  so  necessarv. 


THIS  is  the  only  publication  devoted  to  the  useful  applications  of  compressed   air,  and  it   is   the   recognized 
authority  on  all  matters  pertaining  to  this  subject. 

RATES    OF    SUBSCRIPTION 

United  states,  Canada  and  Mexico,  per  year.  $1.00.     All  Other  Countries,  $1.50.     Single  Copies,  lOCts. 
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VACUUM  PECULIARITIES. 


Written  for  Compressed  Air    by    Edward 
f.  schaefer,  m.  m.  e. 

To  the  Editor  of  Compressed  Air  : 

Dear  Sir: — There  are  various  points  in  the 
paper  "Vacuum  Peculiarities"  which  have  oc- 
casioned more  or  less  comment,  and  so  as  to 
modify  the  opinions  already  expressed  and  to 
secure  further  information  on  the  subject,  I 
would  suggest  that  the  paper  be  opened  to 
your   readers    for   discussion. 

Edward   F.    Schaefer. 

Vacuum  is  space  devoid  of  matter. 

In  practice  a  perfect  vacuum  cannot  be  ob- 
tained. Even  with  the  excellent  compressors 
and  suction  pumps  in  operation  to-day,  an  ap- 
proximation only  to  the  ideal  vacuum  is  pos- 
sible. 

Moreover,  a  perfect  vacuum  is  not  neces- 
sary in  dealing  with  the  infinite  problems  in 
engineering  that  are  up  for  discussion  each 
day.  Of  course,  the  perfect  is  always  desir- 
able, but  the  partial  is  sufficient. 

The  engineer  understands  vacuum  to  mean 
a  condition  of  matter  where  the  attending 
pressure  is  below  atmosphere,  and  the  usual 
forms  of  matter  with  which  he  has  to  deal, 
in  connection  with  vacuum,  are  gases  such  as 
steam  and  air.  The  pressure  of  the  atmos- 
phere at  sea-level  is  14.75  pounds  per  square 
inch  ;  it  is  evident  then  that  the  range  of  pres- 
sures under  which  vacuums  exist  is  between 
zero  pounds  per  square  inch  absolute  and  14.75 
pounds  per  square  inch  absolute. 

The  degree  of  vacuum  is  commonly  ex- 
pressed by  inches  of  mercury;  thus,  when  air 
in  a  vessel  is  subjected  to  an  absolute  pres- 
sure of  6  pounds  per  square  inch  absolute,  it 
is  said  that  the  gas  has  a  vacuum  of  17  7  inches 
of  mercury  ("17.7"  Hg).  At  14.75  pounds  or 
at  atmospheric  pressure,  the  vacuum  is  zero 
inches,  and  at  zero  pounds  the  vacuum  is  29.9 
inches  of  mercury. 

Curious  as  it  may  seem,  it  takes  more  power 
to   maintain   a   vacuum    nf   g   pounds    absolute 


than  it  docs  to  maintain  one  of,  say,  0.5  pounds 
per  .square  inch  absolute.  Obviously  it  takes 
no  power  whatever  to  move  a  piston  back  and 
forth  in  a  perfect  vacuum,  and  further  it  takes 
no  power  to  move  a  piston  in  no  vacuum  or 
at  atmospheric  pressure  (neglecting  friction). 
Between  these  extreme  points  it  takes  more 
or  less  energy,  depending  upon  the  pressures. 

The  expression  which  follows  must  at  first 
sight  appear  absurd. 

"It  takes  more  power  to  maintain  a  vacuum 
of  7  pounds  absolute  than  to  maintain  one  of 
1^2  pounds,  since  it  takes  no  power  (except 
friction)  to  move  a  piston  back  and  forth  in  a 
perfect  vacuum  ;  it  also  takes  no  power  to  move 
a  piston  in  no  vacuum  since  there  will  be  at- 
mospheric pressure  on  both  sides  of  the  pis- 
ton." 

To  the  author  this  statement  appeared  so  pe- 
culiar that  he  made  a  detailed  investigation  of 
it  and  worked  out  the  horsepowers  for  both 
single  and  two-stage  compression,  between  the 
limits  of  zero  pounds  per  square  inch  absolute 
and  14. 75  pounds,  taking  increments  of  one 
pound.  The  fact  found  was  that  the  maxi- 
mum horsepower  for  single  stage  compression 
is  for  compressing  between  4  and  5  pounds  to 
14.75  pounds,  and  for  two  stage  compression 
the  maximum  was  found  to  lie  between  5  and 
6  pounds  pressure. 

To  determine  exactly  where  these  points  fell, 
the  Calculus  was  employed,  and  it  was  discov- 
ered that  the  maximum  horsepower  for  sim- 
ple compression  is  required  when  the  vacuum 
pressure  is  4.521  pounds  per  square  inch.  In 
the  case  of  two-stage  compression  the  maxi- 
mmn  horsepower  is  necessary  when  the  initial 
pressure  is  5.00.4  pounds. 

The  quotation  above  was  therefore  found  tn 
be  correct  in  expression,  although  incorrect  in 
numerical  values. 

Horsepower  whether  single  or  tw-o-stage  is 
expressed  by 

H.   P.  =  0.00436  M.  E.   P (i)* 

In  this  expression  M.  E.  P.  signifies  mean 
effective  pressure. 

For  single  stage  compression 


M.  E.  P.  =  .^4 

For  two-stage  comprcstijon 
M.  !•:.  P.  =  6.90  Pv   1 1- 


ircs'^ion 


{2Y 


(.0^ 


In  these  ecjuations  lioth    I\   and    i',,  nni^t   he 
expressed  in  pounds  per  square  inch. 

P;,  ==  14.75    pounds    per    square    inch  ; 
this   is   atmospheric   pressure   at 
sea  level  and  is  a  constant. 
Pv  =  pressure  of  the  vacuum  desired. 
These   fonnulae   were   employed   in   securing 
the  table  showing  the   M.   E.   Ps  and     H.    Ps 
for  both  single  and  two  stage  compre>;sion. 
To  determine  the  exact  location  of  the  max- 

*See  "Derivation  of  Formulae  for  .Simple  and  Stage 
Compression"  by  E.  F.  Schaefer.  Cnmpres^.d  Air.  Vol. 
.\V.  Xo.  1. 
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imuni  points,  equations  (2)  and  (,3)  were  dit- 
ferentiated.  The  first  differential  coefficients 
of  the  M.  E.  Ps  as  functions  of  the  vacuum 
pressures  were  then  made  equal  to  zero  and 
the  equations  solved  for  Pv.  In  the  case  oi 
single  stage  compression  P<  =4.521,  and  for 
two  stage  Pv  ^5.004. 

The  expressions  were  then  differentiated  a 
second  time  to  secure  the  second  differential 
coefficients  of  the  M.  E.  Ps  as  functions  of 
Pv  In  each  case  the  result  was  a  negative 
quantity,  proving  4.521  and  5.004  to  be  maxi- 
mum values. 

For  simple  compression  we  have  in  detail 
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which  is  an  even  order  and  negative  showing 
that   Iv  =4.521  corresponds  to  a  maximum. 

The  same  solution  was  apphed  to  equation 
(3)    for    two    stage    compression    and    it    was 
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found  that  when  Pv  =  5-004  the  value  was  a 
maximum.  • 

For  the  vacuum  pressure  4.521  pounds  the 
M.  E.  P.  for  single  stage  compression  is  6.379 
pounds  per  square  inch,  giving  as  the  theoreti- 
cal developed  horse-power  per  cubic  foot  of 
air  0.02781.  For  this  same  pressure  the  horse- 
power for  two  stage  compression  is  0.02543. 
The  percentage  of  power  then  saved  by  two 
stage  over  simple  compression,  for  this  case, 
is  expressed  by  (0.02781 — 0.02543)^-0.02781 
or  8.6%. 

It  will  be  seen  that   in  the  tabulated  list  an 
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Fig.  4. 


additional  item  is  found  for  both  single  and 
two  stage  compression.  It  reads  "Developed 
horse-power  15%  friction  included."  The  fig- 
ures under  this  head  are  what  are  used  in 
actual  calculations,  since  in  them  are  included 
the  various  frictions  due  tn  the  piston,  cross- 
head,  crank-pin,  etc. 

The  compressor  cylinders  when  employed 
for  purposes  of  producing  vacuum  are  seldom 
water-jacketed.  A  jacket  is  hardly  necessary 
since  the  air  which  is  compressed,  although  it 
has  the  same  temperature  range  as  when  com- 
pressed under  corresponding  ranges  above  the 
atmosphere,  has  less  capacity  for  heat  due  to 
its  rarified  condition. 


This  lack  of  heat  capacity  of  air  under  pres- 
sure below  normal  obviates  the  use,  in  most 
instances,  of  intercoolers  for  two  stage  com- 
pression. The  results  in  the  table  were  se- 
cured by  assuming  that  an  intercooler  was  em- 
ployed and  that  the  air  entered  the  high  pres- 
sure cylinders  at  60°  Fahrenheit.  Using  the 
intercooler  when  operating  under  a  vacuum  of 
28.94  inches  of  mercury  will  effect  a  saving  of 
23.9%  in  power. 

Of  course  in  cases  where  the  intercooler  is 
dispensed  with  the  horse-powers  for  single  and 
for  two  stage  compression  are  identical.  The 
advantage  of  compounding  without  using  the 
intercooler  is  to  reduce  the  losses  due  to  clear- 
ance. 

HORSE-POWER  DEVELOPED 
in  adiabatically  compressing  and  in   discharg- 
ing one  cubic  foot  of  air  from  various  degrees 
of  vacuum  into  the  atmosphere  (14.75  *  D")- 

Initial  temperature  of  air  in  each  cylinder 
taken  as  60"  Fahrenheit. 

Jacket  cooling  not  considered. 

E.  F.  Schaefer. 
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Fig.  I  shows  the  relations  between  various 
degrees  of  vacuum  and  the  horse-powers  nec- 
essary to  maintain  the  same  when  compressing 
in  a  single  stage.  Two  curves  are  shown,  one 
giving  the  theoretical,  and  the  other  the  actual 
relations  when  friction  is  included. 

Fig.  2  is  identical  with  Fig.  i,  except  that 
it  is  constructed  for  tzvo  stage  compression 
when  an  intercooler  is  employed.    In  both  Figs. 
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I    and   2   the   points   at   which   the   maximum 
values  fall  are  clearly  defined. 

Fi&-  3  gives  the  variations  in  per  cent,  of 
power  saved  by  two  stage  over  simple  com- 
pression for  various  vacuums.  It  will  be  noted 
that  minimum  saving  in  power  is  effected  when 
maintaining  a  vacuum  of  I2  pounds  or  5.48 
inches  mercury.  (The  calculus  is  necessary 
for  determining  the  exact  point  but  12  pounds 
is  sufficiently  close  for  all  purposes.) 

VOLUMES    IN   CUBIC   FEET 
when  compressing  one  cubic  foot  of  air  from 
various  degrees  of  vacuum  to  various  absolute 
pressures.  E.  F.  Sch.\efer, 


ABSOLUTE  PBESSUBES. 

Volumes. 

Pounds  per  square  inch. 

Cubic  Feet. 

Pi          , 

P2 

Isothermal. 

Adiabatlc. 

(Pl^P2) 

(Pi 

•^Pz)"-'' 

0.5 

14.75 

.0339 

.0905 

0.5 

10.00 

.0500 

' 

.1192 

0.5 

8.00 

.0625 

.1397 

0.5 

6.00 

.0832 

.1711 

0.5 

4.00 

.1250 

.2285 

0.5 

2.00 
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Fig.  4  consists  of  three  indicator  cards  got- 
ten when  compressing  adiabatically  from  0.5, 
4.521  and  12  pounds  absolute  to  atmospheric 
pressure.  The  isothermal  compression  curves 
are  also  indicated  by  dotted  lines.  These 
cards  show  more  clearly,  perhaps,  than  our 
horse-power  curves  just  why  it  takes  less 
power  to  compress  from  pressures  either  side 
of  4.521  pounds.  A  planimeter  might  advan- 
tageously be  brought  into  play  and  it  will  be 
found  that  the  areas  are  in  the  same  ratios  as 
the  M.  E.  Ps. 

In  plotting  these  cards  the  fundamental  for- 
mula for  adiabatic  compression  was  employed. 

Pj  V,"  =-  P.  V," 
Vj  —  unity  therefore  Vi"  =  unity 
"  =  1. 41 

Pi 
therfore  V,  = 


v.,  = 


i^Y-m" 


For  isothermal  compression 

P. 

V,  = 

P.' 

A  saving  in  power  is  a  saving  in  coal  and 
this  is  a  saving  in  money.  In  operating 
vacuum  pumps  it  must  be  evident  from  what 
has  been  said  that  it  is  highly  advantageous 
not  to  maintain  a  pressure  near  4.521  pounds 
per  square  inch  absolute.  By  keeping  away 
from  this  maximum  energj'  point,  economy  is 
effected. 


A  NEW  ASHPIT. 

Written  for  COMPRESSED  AIR. 

One  of  the  most  important  features  in  con- 
nection with  the  despatching  of  locomotives  at 
roundhouses  is  the  Ashpit  over  which  the  fire 
is  cleaned,  and  into  which  the  ashes  are 
dumped.  Also  the  means  for  removing  the 
ashes  from  the  pit,  and  loading  them  on  to 
cars. 

The  first  form  of  ashpit  for  this  purpose 
was  constructed  with  its  sides  immediately 
under  the  rails  of  the  track,  upon  which  the 
locomotive  would  come  on  to  the  turntable, 
and  thence  to  the  roundhouse.  The  track  is 
usually  called  the   '"incoming"  track. 

These  pits  were  of  different  lengths,  accord- 
ing to  the  number  of  engines  arriving  per  day. 
They  would  be  of  sufficient  depth  so  that  a 
man  could  stand  in  them  and  conveniently 
work  a  hoe  or  scraper  at  either  end  of  the 
ashpan  and  draw  the  ashes  out,  allowing  them 
to  fall  into  the  pit.  The  locomotive  would 
then  be  moved  off  the  pit  into  the  roundhouse, 
and  the  ashes  would  be  shovelled  out  of  the 
pit  on  to  the  surface  of  the  ground,  and  while 
this  was  being  done  another  engine  could  not 
come  over  that  portion  of  pit,  but.  if  the  pit 
was  long  enough,  it  could  have  its  fire  cleaned 
at  another  point  on  same.  If,  however,  it  was 
not  long  enough  for  this,  it  would  have  to  wait 
until  the  ashes  in  the  pit  were  thrown  out,  or 
else  have  its  ashes  dumped  in  the  same  place, 
which  would  soon  result  in  the  pit  becoming 
full  of  ashes,  so  that  it  would  be  absolutely 
necessary  for  the  engines  to  be  kept  off  the 
pit  until  the  ashes  were  thrown  out.  It  was 
therefore  better,  after  each  engine  had  had  its 
fire  cleaned,  to  throw  out  the  ashes,  no  mat- 
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ter  whether  the  pit  was  long  or  short.  This 
was  not  only  expensive  in  the  handling  of 
ashes,  but  often  caused  delay  to  power. 

The  ashes  now  at  the  side  of  the  pit  had  to 
be  thrown  on  to  the  cars,  and  if  the  pit  was 
long  there  would  require  to  be  a  sufficient 
number  of  ash  cars  to  correspond  to  the  length 
of  the  pit,  so  that  the  ashes  thrown  out  of  the 
pit  at  any  point  could  be  thrown  on  to  a  car. 


In  some  cases  buckets  have  been  placed  in  the 
pit  to  receive  the  ashes  direct  from  the  pan, 
and  when  the  engine  was  moved  off  the  pit, 
the  buckets  would  be  hoisted  and  dumped  on  to 
the  ash  car  and  the  bucket  returned  again  to 
the  pit,  but  until  the  buckets  were  replaced, 
another  engine  could  not  come  on  to  the  pit. 
This  therefore  was  objectionable  on  account  of 
delay  to  the  engines. 


If  the  switching  out  of  cars,  when  loaded, 
and  placing  of  empty  cars  was  not  regularly 
attended  to,  a  pile  of  ashes  would  collect  at 
the  side  of  the  pit,  and  in  winter  time  wouh 
freeze,  on  account  of  having  been  wetted  as 
they  were  drawn  out  of  the  pan,  to  prevent  the 
dust  from  getting  on  the  engine.  The  removal 
of  the  frozen  pile  would  cost  still  more,  and  in 
summer,  if  hostlers  were  not  ver>'  careful,  the 
steam  from  the  cylinder  cocks  would  blow  the 
ashes  over  the  engine. 

The  only  satisfactory  way  therefore  of  doing 
this  work  was  not  to  allow  the  ashes  to  ac- 
cumulate in  the  pit  or  at  the  side  of  the  pit. 

To  overcome  the  difficulties  above  outlined 
different   improvements   have  been    introduced. 


NO.    I. 

Other  arrangements  have  been  introduced 
where  a  bucket  on  wheels  would  run  down 
rails  on  an  inclined  plane,  entering  the  pit  from 
the  side  by  going  underneath  the  rail.  This 
form  would  not  keep  the  engine  waiting,  while 
the  bucket  was  being  drawn  out  when  full, 
but  it  worked  from  one  end  of  the  ashpan  only, 
and  a  second  apparatus  of  the  same  type  would 
be  needed  to  dispose  of  the  ashes  at  the  other 
end  of  the  ashpan. 

It  further  would  dump  the  ashes  on  the  car 
at  the  same  point  as  each  following  bucketful 
was  drawn  up  and  the  car  would  need  con- 
stant shifting.  The  arrangement  was  further 
objectionable  as  the  rails  upon  which  the 
bucket   ran   upward   extended   over   the   ashcar 
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track,  preventing  a  liigh  car  or  an  engine  com- 
ing on  this  track. 

There  is  another  form  of  ashpit,  known  as 
the  "Open  Side  Ashpit,"  with  depressed  ash- 
car  track.  This  pit  has  the  rail  on  one  side, 
supported  on  coUimns  or  standards,  and  the 
ashes  can  be  shovelled  out  from  the  side  ;  the 
man  doing  the  work  of  shovelling  stands  at 
the  side  of  the  pit  on  the  same  level  as  bot- 
tom of  pit,  and  in  order  that  he  will  not  have 
too  high  a  throw  for  the  ashes,  the  ashcar 
track  is  depressed,  the  rails  being  about  on  a 


scription,  so  the  ashes  can  be  wetted  at  what- 
ever point  the  engine  may  be  stopped.  These 
arrangements  if  not  properly  protected  will 
freeze,  and  a  free  use  of  water  washes  the 
ashes  into  the  drain,  floods  the  depressed  track 
and  covers  it  with  ice. 

It  must  also  be  remembered  that  where  the 
first  engine  comes  on  a  long  pit,  it  is  placed 
at  the  end  nearest  the  turntable  ;  other  engines 
follow  and  take  positions  on  the  pit,  and  the 
work  of  fire  cleaning  is  begun  as  each  engine 
is  placed.     When  the  first  and  second  have  had 


VIEW    NO.    2. 


level  with  the  bottom  of  the  ashpit.  With 
one  shovelling,  therefore,  the  ashes  are  thrown 
from  the  bottom  of  the  ashpit  onto  the  car. 

With  this  kind  of  pit  there  need  be  no  delay 
to  engines,  but  it  is  expensive,  as  in  the  first 
place  the  ashes  are  all  loaded  by  hand,  and, 
where  many  engines  are  coming  in,  the  pit 
must  be  long,  and  there  would  require  to  be 
sufficient  cars  to  cover  its  full  length,  also  a 
laborer  cannot  throw  ashes  over  a  high-sided 
car  and  heap  them  up,  consequently  more  cars 
are  needed.  Watering  facilities  are  also  need- 
ed to  cover  the  length  of  a  long  pit  of  this  de- 


the  fire  cleaned  the  third  may  only  have  its 
fire  half  done.  This  prevents  that  portion  of 
the  pit  which  was  occupied  by  the  first  and 
second  engine  being  used  until  the  third  has 
had  its  fire  cleaned  and  is  moved  off  the  pit. 

The  accompanying  photographs  give  differ- 
ent views  of  an  ashpit  which  was  designed  and 
patented  by  C.  R.  Ord.  Master  Mechanic  of  the 
Atlantic  Division  of  the  Canadian  Pacific  Rail- 
way, and  it  is  claimed  by  the  inventor  that  all 
the  objections  above  mentioned  have  been 
overcome   in   this   device. 

\'iew  Xo.  I.  Loaded  bucket  can  be  seen  par- 
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tially  hoisted  over  further  track  in  pit,  and  man 
in  pit  pushing  spare  empty  bucket  into  posi- 
tion under  ashpan,  formerly  occupied  by 
bucket  now  being  hoisted  with  load  of  ashes 
to  be  dumped  into  car. 

View  No.  2.  View  of  ashpit  with  locomo- 
tive standing  beyond.  One  loaded  bucket  has 
been  drawn  from  under  the  rails  and  is  about 
to  be  hoisted  by  crane,  cable  being  coupled  to 
same.  The  other  loaded  bucket  can  be  seen 
between  the  rails,  with  aprons  which  are  se- 
cured to  each  rail,  preventing  the  ashes  from 


View  No.  4.  View  of  ashpit  with  crane, 
showing  the  steel  cable  of  crane  connected  to  a 
heavy  manilla  rope,  later  passing  around  pul- 
ley which  is  secured  to  further  side  of  ashpit, 
the  other  end  of  rope  to  which  a  hook  has 
been  spliced,  connected  to  ashcar,  the  car  being 
drawn  into  position  by  means  of  crane,  doing 
away  with  the  necessity  of  switch  engine  to 
shift  cars  in  order  that  they  may  be  fully 
loaded.  This  crane  moves  six  cars  in  this 
manner. 

From  these  views  it  can  be  seen  that  the 
locomotives  can  be  moved  on  and  off  the  pit 


falling  outside  of  buckets  as  they  are  raked 
out  of  ashpan.  The  spare  empty  bucket  is  now 
standing  at  the  outer  part  of  pit.  The  guides 
for  directing  the  buckets  onto  the  rails  after 
they  have  been  emptied  can  also  be  seen  in 
this  view. 

View  No.  3.  A  view  of  ashpit  with  one 
bucket  hoisted  and  swung  directly  over  ash- 
car, man  standing  at  crane  with  right  hand  on 
lever,  by  which  the  crane  is  swung,  and  left 
hand  on  lever  of  dumping  apparatus  by  which 
the  latch  of  bucket  is  thrown  out  and  bucket 
allowed  to  turn  over  and  dump  ashes. 


without  in  any  way  interfering  with  the  re- 
moval of  ashes  as  the  loaded  buckets  are 
drawn  out  under  the  rail,  and  while  the  loaded 
bucket  is  being  hoisted,  if  need  be,  the  empty 
one  can  immeiately  be  pushed  under  to  re- 
ceive any  remaining  ashes,  or  to  be  ready  for 
another  engine.  There  are  four  buckets  in 
the  pit,  two  for  each  end  of  ashpan.  They 
hold  1,500  pounds  of  ashes,  and  have  smoke- 
box  setting  in  the  bottom  to  let  the  water  run 
out,  but  prevent  large  cinders  from  blocking^ 
the  drain. 

The  tracks  upon  which  the  buckets  move  are 
made  of  common  iron  piping,  and  steam  passes- 
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through  them  in  cold  weather,  keeping  the  oil 
from  freezing  on  wheels  of  buckets,  and  also 
keeping  the  pit  free  of  snow  and  ice  in  the 
winter  time. 

At  each  end  of  the  pit  extra  openings  can 
be  seen  under  the  rails  for  the  men  to  get  un- 
der the  engine  and  rake  the  ashes  from  each 
end  of  the  ashpit  and  avoid  the  danger  of  crawl- 
ing between  the  wheels.  When  the  men  are 
in  position  at  each  end  of  the  pan  the  buckets 
stand  immediately  in  front  of  them,  and  the 
ash  hoes  are  kept  at  each  end  of  the  pit,  be- 
tween rails,  and  can  be  drawn  forward  when 


car  to  any  desired  height.  The  dumpings  can 
be  distributed  over  the  car  and  one  shift  only 
is  needed  to  fill  it  from  end  to  end.  The  next 
car  can  be  then  drawn  into  position  by  crane, 
as  shown  in  view  Xo.  4. 

Two  of  these  pits  have  been  in  operation, 
one  at  McAdam,  N.  B.,  and  the  other  at 
Brownville,  Me.,  for  over  two  years,  and  have 
given  perfect  satisfaction  during  two  of  the 
hardest  winters  experienced  for  many  years. 
The  cost  of  labor  of  loading  ashes  on  the  cars 
has  been  one  cent  per  ton.  Average  time 
taken    to    draw    buckets      from    under    engine, 
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needed.  There  is  also  a  very  convenient  ar- 
rangement for  each  man  for  wetting  the  ashes. 
A  pair  of  pipes  come  through  the  side  of  the 
pit  at  each  end,  one  for  steam  and  the  other 
for  water.  Valves  are  placed  just  clear  of  pit 
wall,  and  beyond  the  valves  the  two  pipes  are 
joined  in  one,  to  which  a  length  of  hose  is 
attached.  When  not  in  use  in  cold  weather 
the  water  valve  is  shut  and  a  slight  escape  of 
steam  keeps  the  hose  from  freezing.  Water 
can  be  used  for  wetting  the  ashes,  or  steam  for 
thawing  frozen  ashpans. 

With  the  crane  for  hoisting  the  buckets  a 
very  heavy  load  of  ashes  can  be  put  on  the 


dump  ashes  on  car  and  replace  under  engine 
is  three  minutes.  In  ordinary-  business  one 
man  on  each  shift  has  hoisted  the  ashes,  hoed 
out  one  end  of  ashpan,  placed  the  ashcars  and 
dried  the  sand. 

With  the  crews  handling  incoming  engines 
about  fifty  engines  can  be  handled  per  day  on 
this  pit.  An  engine  is  put  on  the  pit,  fire 
cleaned  and  put  in  the  house.  The  following 
engine  is  put  on  the  pit  by  second  crew.  The 
first  crew  returning  from  engine-house  take 
charge  of  third  engine,  which  they  coal,  sand 
and  water,  and  by  this  time  the  second  engine 
has  the  fire  cleaned  and  is  ready  to  move  on 
turntable. 
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The  pit  is  36  feet  long  between  the  rails  to 
give  room  to  work  the  hoe.  Outside  of  rails 
it  measures  2-/  feet,  and  is  therefore  bridged 
by  one  rail.  The  width  from  rail  to  ashcar 
track  is  15  feet. 

The  ash  buckets  are  5  feet  long,  and  are  so 
situated  as  to  suit  engines  with  long  or  short 
ashpans.  They  are  operated  by  compressed 
air. 


AN  IMPROVED  TRIPLE  VALVE. 

Written  for  CO.MPRESSED  AIR. 

A  new  triple  valve  has  just  been  invented  by 
Oliver  L.  Goodnight,  member  of  the  Air 
Brake  Association,  to  overcome  the  disadvan- 
tages of  the  present  system  of  air  brake  con- 
trol. After  large  locomotives  were  intro- 
duced upon  modern  railways,  for  hauling  long 
trains,  it  became  apparent  to  trainmen  that  the 
air  brake  was  not  yet  perfect,  as,  in  the  case  of 
a  long  train  running  at  a  slow  rate  of  speed 
and  making  release  without  stopping,  release 
would  begin  at  the  head  car  and  continue  ser- 
iali)',  thus  ending  upon  the  rear  car  and  caus- 
ing the  slack  to  run  ahead  from  the  rear  end 
with  such  sudden  force  that  in  many  cases 
danger  resulted  to  the  train  rigging,  and  draw 
boards,  and  delays  to  traffic  were  frequent  on 
account  of  the  breaking  apart  of  the  train.  The 
new  valve  is  designed  to  overcome  these 
difficulties. 

The  illustration  shows  the  exterion  ap- 
pearance of  this  apparatus  w'ith  controlling 
valve  placed  at  a  right  angle.  Constant  press- 
ure, equal  to  the  normal  brake  pipe  pressure, 
is  maintained  in  the  drum,  and  also  against  the 
release  piston  on  opposite  side  of  brake  pipe. 
This  permits  the  engineer  to  apply  brakes  and 
re-charge  to  normal  brake  pipe  pressure  by 
moving  the  brake  valve  handle  from  lap  to 
running  position,  thereby  forcing  the  guiding 
piston  to  assume  position  of  release.  With 
the  head  brakes  in  this  position,  which  is  high 
pressure  release,  and  the  small  valve  handle 
placed  as  shown  in  the  illustration,  in  a 
straight  line  position  on  the  rear  brakes,  which 
is  low  pressure  release  position,  the  rear  half 
of  the  train,  or  any  portion  that  may  be  de- 
termined, will  be  released  in  advance  of  the 
head  brakes,  while  at  the  same  time  the  entire 
train  may  be  re-charged,  and  the  slack  allowed 
to  bunch  forward  in  readiness  for  releasing 
head  brakes,  by  moving  the  brake  valve  handle 


to  full  release  position  ;  or,  should  it  be  desired 
to  make  a  quicker  and  more  sure  release  fol- 
lowing the  usual  application,  the  brake  valve 
handle  may  be  moved  from  lap  to  full  release 
position,  then  immediately  back  to  lap  posi- 
tion ;  the  main  receiver  pressure  will  then  back 
through  the  brake  pipe,  forcing  all  triple  valves 
to  assume  a  release  position ;  and,  on  account 
of  brake  valve  handle  being  placed  again  at 
lap  position,  the  pressure  will  immediately  drop 
below  normal  in  the  brake  pipe;  this  is  due  to 
feeding  through  the  feeding  grooves  into  the 
auxiliary  receivers  and  allowing  the  pressure 
in  the  small  drum  to  force  the  release  posi- 
tion immediately  back  on  lap  position  and 
close  the  inside  ports  of  the  triple  valves. 
Thus  a  portion  of  the  brake  cylinder  pressure 
will   be    held    and   the   brakes    remain   applied 
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with  reduced  brake  cylinder  pressure.  At  the 
same  time  the  rear  brakes  will  be  fully  re- 
leased. 

Retaining  valves  on  cars  are  disposed  with 
entirely  and  the  engineer  is  given  full  control 
of  the  brakes  upon  a  train  at  all  times,  with- 
out depending  upon  trainmen  to  operate  the 
retaining  valves.  It  is  claimed  that  this  brake 
can  be  applied  and  released  from  the  engine 
just  as  easily  as  any  other  brake  with  triple 
valves  regulated  in  either  position.  Further- 
more, the  apparatus  has  all  the  advantages  of 
being  standard  and  interchangeable  with  pres- 
ent air  brake  systems.  The  important  feat- 
ures may  also  be  attached  to  the  present  triple 
valve  on  a  car  without  necessitating  any 
changes.  The  device  is  patented  in  the  United 
States  and  foreign  countries  with  further  pat- 
ents pending. 
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THE  EDUCATION  OF  MINING 
EGINEERS. 

BY    J.     \V.     GREGORY.* 

The  fundamental  difficulty  in  mining  edu- 
cation is  the  fact  thafthe  mining  engineer  re- 
quires a  training  which  must  be  both  unusually 
wide  and  thorough.  The  miner's  knowledge 
must  be  exceptionally  varied,  for  he  often  has 
to  work  in  remote  localities,  where  he  must 
be  self-reliant;  at  the  same  time  his  work  re- 
quires a  high  standard  of  attainment.  He 
needs  to  be  well  versed  in  many  branches  of 
civil,  mechanical,  and  electrical  engineering, 
and.  at  the  same  time,  his  knowledge  of  chem- 
istry, geologj',  and  mineralogy  must  be  suf- 
ficiently sound  to  be  practically  useful.  The 
mining  engineer,  in  fact,  must  have  the  most 
of  the  training  of  an  ordinary  engineer,  for  he 
may  be  called  on  to  lay  down  railways,  build 
bridges,  erect  large  workshops  and  furnaces, 
construct  dredges  and  dig  vast  excavations. 
And  in  addition  to  these  qualifications  he  must 
have  his  special  mining  education  as  well.  This 
burden  is,  however,  not  unfairly  heavy,  for  the 
rewards  of  the  successful  mining  engineer  are 
great. 

The  first  serious  fault  in  the  existing 
schemes  of  British  mining  education  seems 
their  failure  tp  recognize  this  essential  re- 
quirement, as  shown  by  the  inadequate  length 
of  the  courses.  The  American  and  Australian 
universities  insist  upon  a  course  of  four  or 
five  years. 

The  answers  to  the  inquiries  of  the  com- 
mittee of  the  Institute  of  Civil  Enigneers 
(London)  show  that  in  Great  Britain  the 
length  of  course  favored  for  a  civil  engineer 
is  three  years  at  a  university  or  technical  col- 
lege and  four  years  in  practical  training  in 
workshops.  If  this  seven  years'  course  be 
necessary  for  a  civil  or  mechanical  engineer, 
it  seems  impossible  to  train  a  competent  mining 
engineer  in  two  years  of  theoretical  and  one 
year  of  practical  work.  The  mining  engineer 
should  have  the  three  years'  theoretical  train- 
ing, like  the  civil  engineer,  and  at  least  one 
year  extra  for  his  special  work.  And  grant- 
ing a  college  course  of  that  length,  then  two 
or  three  years  of  practical  work  would,  in  the 
majority  of  cases,  probably  be  adequate.  One 
year's   work   in   the   machine   shop   of  a   large 

*  Abstract  of  paper  read  recently  before  the  Istitution 
of  Mining  Engineers,  London. 


colliery  would  be  the  best  preliminary  prac- 
tical course  available  for  British  students,  and 
then  three  or  four  long  vacations,  each  of  not 
less  than  four  or  five  months,  spent  in  mines, 
should  supply  the  necessary  amount  and  vari- 
ety of  practical  training. 

The  proportion  of  time  spent  in  practical 
training  may  be  less  in  mining  than  in  mechan- 
ical engineering,  but  the  use  made  of  a  spell 
of  practical  work  should  be  more  closely 
watched,  to  avoid  the  deplorable  waste  of  time 
that  often  occurs  in  it.  Many  a  student  puts 
in  a  period  of  "practical  work"  which  consists 
only  of  such  jobs  as  trucking.  Time  thus 
spent  is  wasted  to  a  mining  engineer  as  it 
would  be  to  a  lawyer  if  his  first  year  in  articles 
were  spent  in  cleaning  office  windows  or  pol- 
ishing the  brass-plate  on  the   front   door. 

It  is  said  that  there  is  no  chance  in  this 
country  (Great  Britain)  of  students  of  mining 
engineering  undertaking  so  long  a  course  of 
study  as  is  required  for  medical  qualifications. 
If  it  be  the  case  that  the  British  mining  course 
is  to  be  limited  to  two  or  three  years,  then 
it  seems  to  me  hopeless  to  expect  British 
mining  education  to  reach  really  front  rank. 
The  American  institutions  have  often  great 
wealth,  which  is,  moreover,  less  mortgaged 
to  subjects  of  secondary  value;  and  their  con- 
stitutions are  more  elastic.  There  seems  little 
chance  of  our  less  free  educational  institu- 
tions reaching,  in  a  two  years'  course,  the  level 
for  which  more  advantageously  placed  Amer- 
ican universities  are  willing  to  give  five  years. 

The  educational  committee  of  the  Institution 
of  Civil  Engineers  complains  that  "at  present 
a  considerable  proportion  of  students  enter 
technical  institutions  ill-prepared,  and  at  least 
one  year  has  to  be  devoted  to  instruction  which 
ought  to  be  secured  beforehand." 

The  main  drawback  of  the  long  academic 
year  is  that  it  is  fatal  to  the  "sandwich  sys- 
tem," by  which  students  can  spend  six  or  seven 
months  at  a  university  and  the  other  five  or 
six  months  in  practical  work.  There  are  obvi- 
ous objections  to  this  course.  The  most  seri- 
ous is  that  the  expensive  teaching  equipment 
has  long  intervals  of  idleness,  except  in  so  far 
as  it  may  be  used  for  research  work  and  by 
honors'  students  during  special  summer 
courses.  In  technical  subjects,  however,  the 
advantages  of  the  "sandwich  system"  seem  to 
me  far  to  outweigh  the  drawbacks.  Employers 
complain  that  the  students  of  some  of  our 
best  universities  and  colleges  come  from  them 
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with  an  academic  spirit,  which  spoils  the  men 
for  years  and  sometimes  hampers  them  for  Hfe. 
The  writer  remembers  being  surprised,  on 
trj'ing  to  persuade  a  chemical  manufacturer  to 
give  an  appointment  to  a  student  from  what 
he  considered  probably  our  most  efficient  tech- 
nical college,  to  hear  the  men  previously  en- 
gaged from  it  had  proved  useless  owing  to 
their  impracticability.  The  knowledge  of  the 
men  was  admitted!}'  sound,  but  it  was  said  that 
they  could  not  apply  it,  owing  to  lack  of  com- 
mon sense  and  practical  insight.  The  spirit  of 
a  university  and  a  college  is  remarkably  dif- 
ferent from  that  of  the  business  world,  and 
success  in  the  complex  profession  of  mining 
requires  commercial  instincts  as  well  as  tech- 
nical knowledge.  It  seems  -to  the  writer  most 
important  that  students  who  intend  to  adopt 
a  technical  profession  should  not  be  kept  for 
some  years  continuously  in  a  college  atmos- 
phere. The  contact  for  six  months  in  the  year 
with  the  practical  work  of  the  world  gives  the 
necessary  corrective,  and  is  invaluable  educa- 
tional training. 

Manufacturers  and  mine  managers  do  not  care 
to  engage  students  who  cannot  stay  more  than 
from  four  to  six  months.  The  "sandwich 
system"  is  most  practicable  for  schools  which 
are  situated  on  or  near  mining  fields,  or  in 
which  the  staff  are  personally  well  acquainted, 
perhaps  by  consulting  practice,  with  mining 
authorities.  Schools,  on  the  other  hand,  which 
are  separated  from  mining,  geographically  or 
personally,  will  generally  tend  to  prefer  that 
the  course  of  study  should  run  continuously, 
and  that  the  practical  training  should  be  gained 
either  before  or  after  the  college  course. 

The  "sandwich  system"  is  economical  of  the 
students'  time,  for  it  enables  them,  by  the 
change  from  college  study  to  manual  exercise 
to  work  throughout  the  year  without  risk  of 
Jnjury  to  health,  or  of  becoming  stale.  Ac- 
cordmgly,  in  three  years  a  student  can  put  in 
34y2  or  35  months'  work,  whereas  with  a  col- 
lege session  of  nine  months,  the  vacations  are 
too  short  to  be  of  practical  use,  and  the  three 
years  give  only  27  working  months. 

The  "sandwich  system,"  moreover,  renders  it 
much  easier  to  equip  schools  economically, 
for  if  the  students  see  the  current  methods  in 
actual  use,  and  mining  operations  and  metal- 
lurgical equipment  on  a  large  scale,  there  is 
less  need  for  burdening  our  laboratories  with 
full-sized  mining  plants. 
The  drawbacks  of  a  full-sized  equipment  are 


that  it  is  soon  out  of  date,  and  then  is  most 
expensive  to  renew ;  while  it  is  such  a  glutton 
for  material  that  its  running  is  a  heavy  drain 
on  the  revenue  of  a  department.  Some  schools 
recoup  the  expense  of  using  such  machinery 
by  treating  ore  commercially.  But  in  such 
cases  the  tendency  is  for  the  plant  to  be 
handled  by  trained  mechanics,  and  the  students 
are  not  allowed  to  take  much  share  in  the 
actual  work,  for  the  mistakes,  which  are  all 
important  educationally  to  the  student,  cannot 
be  allowed  to  occur.  Such  commercial  prac- 
tice in  a  college  seems  to  me  usually  unsatis- 
factory, with  some  obvious   exceptions. 

There  is  a  general  agreement  as  to  the  main 
outline  of  the  course  of  instruction  required 
by  the  mining  engineer,  and  the  differences  in 
detail  are  largely  due  to  the  varying  local  op- 
portunities and  requirements.  Coal  miners 
need  most  mechanical  engineering,  including 
ventilation,  and  metal  miners  most  geology, 
while  copper  miners,  in  addition  to  geology, 
need  ample  metallurgy. 

The  amount  of  geological  teaching  in  this 
country  in  mining  seems  to  me  very  inade- 
quate, and  America  has  led  the  way  in  a  fuller 
recognition  of  the  needs  of  geology  in  mining. 
The  Royal  School  of  Mines  adopts  the  ex- 
cellent method  of  taking  one  subject  at  a  time, 
working  at  it  all  day  and  -every  day  till  the 
amount  of  time  devoted  to  the  subject  is  ex- 
hausted. This  system  of  continuous  running 
has  many  recommendations,  and  it  is  found 
to  answer  by  many  educational  coaches  who 
are  experts  in  teaching  against  time.  But  at 
the  Royal  School  of  Mines  the  higher  course 
in  geology  is  apparently  not  required  for  the 
associateship  either  in  mining  or  in  metallurgy. 


A  FRENCH  engineer  has  constructed  an 
experimental  internal  continuous  com- 
bustion turbine,  with  the  combustion 
chamber  lined  with  refractory  material.  Gaso- 
lene is  fed  through  a  nozzle  from  a  compressor 
on  the  turbine  shaft  and  mixed  with  air,  elec- 
tric lignition  being  used.  The  resultant  tem- 
perature is  1.800  deg.  C.  (3,272  deg.  F.).  The 
gas  given  off  impinges  upon  the  turbine  blades, 
which  are  kept  cool  by  low  pressure  steam 
being  generated  in  water  jackets  around  the 
gas  nozzle.  This  turbine  is  said  to  have  shown 
an  efficiency  of  18  per  cent.,  and  improvements 
now  being  made  in  the  compressor  are  ex- 
pected to  bring  this  figure  above  25  per  cent. — 
Exchange. 
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ON  THE  MEASUREMENT  OF  AIR 
FLOWING    INTO    THE    ATMOS- 
PHERE THROUGH  CIRCULAR 
ORIFICES  IN  THIN  PLATES 
AND  UNDER  SMALL  DIF- 
FERENCES      OF 
PRESSURE. 

By  R.  J.  DuRLEV,  Montreal  Canada. 
(Concluded  from  the  September  issue.) 

29.  The  method  used  in  making  the  trials 
was  as  follows : — The  reservoir  was  pumped 
up  and  the  valve  between  it  and  the  compres- 
sor was  then  closed.  Sufficient  time  was  al- 
lowed for  the  air  in  the  reservoir  to  come  to  a 
uniform  temperature.  The  gate  valve  V,  be- 
ing open,  the  regulating  valve  Vo  was  opened 
till  the  head  of  air  in  the  box  was  brought  to 
the  point  at  which  the  trial  was  to  be  run. 
The  gate  valve  was  then  closed  and  the  chron- 
ograph switch  thrown  in  so  that  when  the 
valve  was  reopened  a  record  of  the  time  would 
be  made.  The  initial  pressure  and  tempera- 
ture in  the  reservoir  were  then  read  and  the 
trial  started.  The  final  temperature  and  press- 
ure were  not  read  immediately  at  the  end  of 
the  trial  as  it  was  found  that  some  time 
elapsed  before  the  air  in  the  reservoir  had  re- 
sumed a  unifoijn  temperature.  The  leak  dur- 
ing this  time  was  allowed  for,  but  was  very 
small  since  the  pressure  in  the  reservoir  was 
low. 

Accuracy  of  Results. 

30.  Upon  consideration  it  was  found  that 
the  effect  of  the  errors  shown  in  Table  I  upon 
the  final  result  might  cause  a  total  possible 
error  of  about  +7  per  cent,  on  the  5-16  inch 
orifice  at  i  inch  head,  or  of  about  +ij^  per 
cent,  in  the  case  of  the  4  inch  orifice  at  4  inch 
head.  The  actual  deviations  of  the  observed 
results  from  the  mean  curves  were  found  to 
be  within  these  limits  when  allowance  was 
made  for  the  effect  of  the  size  of  the  gauging 
box  on  the  results,  as  explained  below. 

31.  The  probable  errors  have  been  calcu- 
lated for  the  various  series  of  experiments 
made  at  different  heads,  and  are, — 

Head.  Probable  error  % 

1  inch.         0.735 

2  "  0.470 

3  "  0.635 

4  "  0.667 

5  "  0-650 


It  seems  permissible  therefore  to  regard  the 
figures  ot  Tables  IV  and  V  as  being  reliable 
to  within  less  than  i  per  cent. 

Corrections  for  Barometric  Pressure 
and  Temperature. 

32.  From  equation  (3)  it  is  seen  that  when 
the  difference  of  pressure  on  the  two  sides  of 
an  oriffice  is  small,  the  weight  of  air  discharged 
per  second  should  vary  directly  as  the  square 
root  of  the  mean  pressure  and  inversely  as  the 
square  root  of  the  absolute  temperature.  In 
tabulating  the  results  of  the  experiments  made 
it  was  therefore  necessarj-  to  reduce  all  the 
actual  discharges,  as  measured,  to  their  values 
at  60  degrees  Fahr.,  and  30  inches  barometric 
pressure.  A  special  series  of  trials  (Nos.  151- 
162)  was  made  to  see  whether  the  actual  dis- 
charge would  vary  as  above  with  regard  to 
temperature.  For  this  purpose  the  air  was 
passed  through  the  heater  {H,  Fig..  2)  previ- 
ously described,  and  was  delivered  to  an  orifice 
one  inch  diameter  under  a  head  of  3  inches 
of  water,  at  a  series  of  successively  increasing 
temperatures.  It  was  found  during  each  ex- 
periment that  the  temperature  in  the  gauging 
bo.x  could  be  kept  constant  within  i  degree 
Fahr.,  and  the  trials  were  made  between  the 
limits  55  degrees  and  105  degrees  Fahr.  Af- 
ter measuring  the  actual  discharge  in  each 
case,  and  correcting  for  barometric  pressure, 
the  mean  line  (Fig.  4)  was  drawn — and  the 
corrected  discharges  tabulated  from  it.  The 
figures  for  these  trials  are  given  in  Table  II, 
and  show  that  within  the  limits  of  these  ex- 
periments the  discharge  may  be  taken  to  vary 
inversely  as  the  square  root  of  the  absolute 
temperature  in  the  gauging  box. 

2,2,.  It  was  found  impossible  to  make  the 
numerous  joints  of  the  heater  perfectly  air 
tight.  The  air  leaking  out  was,  of  course,  vis- 
ible in  the  water  in  the  containing  tank,  its 
greatest  amount  was  found  to  be  about  0.000037 
pounds  per  second  and  was  allowed  for  in 
calculation,  being  measured  by  displacement  in 
each  case.  The  heater  was  not  employed  for 
the  other  trials  and  in  them  this  source  of 
error  did  not  exist. 

Calculation  of  Actual  Discharge  from 
E.vpcriments. 

34.  Trials  1-146  were  made  with  the  temp- 
arature  in  the  box  as  near  60  degrees  Fahr.  as 
possible,  and  variations  from  this  temperature 
were  allowed  for,  as  mentioned  above,  on  the 
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assumption  that  the  discharge  is  inversely  pro- 
portional to  the  square  root  of  the  absolute 
temperature.  Proper  correction  for  barometric 
pressure  was  also  applied,  and  from  these  ex- 
periments the  actual  discharge  was  then  cal- 
culated. The  corresponding  ideal  discharge 
was  also  worked  out  from  equation  (4)  for  a 
temperature  of  60  degrees  and  a  pressure  of 
30  inches  of  mercury.  The  actual  discharge 
per  square  foot  of  orifice  was  then  computed 
for  each  experiment  and  the  results  plotted  on 
Fig.  (5).  In  Figs.  (6)  and  (6a)  are  shown 
the  values  of  the  coefficient  of  discharge  ob- 


5  inch  of  water.  Figure  eight  shows  for  one 
orifice  the  corrected  actual  discharge  and  mean 
curve  plotted  on  a  base  of  difference  of  pres- 
sure. The  mean  curve  was,  of  course,  found 
by  using  the  coefficients  of  discharge  of  Figs. 
(6)  and  (6a). 

2,7-  Fig.  (6)  shows  the  curves  of  coefficients 
of  discharge  for  various  diameters  of  orifice 
plotted  on  a  base  of  difference  of  pressure  at 
orifice.  From  this  diagram  and  from  Figure 
(6a)  can  be  selected  a  suitable  coefficient  for 
use  in  any  particular  case.  The  detailed  re- 
sults of  the  various  trials  are  given  in  Tables 
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tained    from    the    curves    of    figure    (5),    and 
from   the  corresponding  ideal   discharges. 

35.  The  volume  of  the  reservoirs  and  at- 
tached piping  being  91.881  cubic  feet,  it  is 
readily  shown  that  the  weight  actually  dis- 
charged per  second  (if  the  pressure  in  the 
reservoirs  changed  from  P,  \o  P^  pounds  per 
.square  inch,  and  the  temperature  from  T  to 
T  degrees  Fahr.,  absolute,  in  /  seconds),  is 
given  bv — 

'■  (5) 


Tf  = 


248. 3 


U".       Tj 


The  actual  discharge  was  in  every  case  calcu- 
lated by  this  formula  from  the  observed  quan- 
tities, corrections  being  applied  as  explained 
above. 

36.     With   each   orifice   five    sets   of   experi- 
ments were  made  at  heads  of  from   i   inch  to 


VI  to  XVI. 

Effect  of  Sice  of  Gauging  Box. 
38.  From  the  curves  of  Fig.  (5),  it  was 
seen  that  the  actual  discharges  of  the  larger 
orifices  at  the  higher  heads  were  considerably 
above  the  mean  curve.  This  seemed  to  indicate 
that  the  results  were  being  effected  by  the 
velocity  of  approach  of  the  air.  To  check  this, 
experiments  (147-150  inclusive)  were  made 
with  a  3  inch  orifice  at  i  inch  and  5  inch  heads, 
using  a  box  whose  area  was  only  13.8  times  that 
of  the  orifice.  The  results  of  these  trials  were 
compared  with  those  obtained  from  the  same 
orifice  in  the  large  box  and  it  was  found  that 
the  discharge  was  0.2  per  cent,  higher  at  the  i 
inch  head  and  10  per  cent,  higher  at  the  5  inch 
head.  This  variation  was  greater  than  that 
observed  from  the  trials  of  the  4^/2  inch  ori- 
fice in  the  large  box,  the  difference  being  due 
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to  the  smaller  ratio  between  the  areas  of  box 
and  orifice.  The  curve  of  observed  discharge 
from  the  3  inch  orifice  in  the  large  box.  even 
at  the  highest  heads  experimented  with,  lies 
only  very  slightly  above  the  curve  of  corrected 
discharge.  These  results  show  that  the  area 
of  cross  section  of  the  gauging  box  should,  for 
heads  up  to  5  inches,  be  at  least  twenty  times 
the  area  of  the  orifice  if  reasonably  accurate 
results  are  to  be  obtained.  For  greater  heads 
a  still  larger  box  would  probably  be  necessary. 
Conclusions  and  Remarks. 

39.  The  experiments  and  curves  indicate 
that  :— 

(i)  The  coefficient  for  small  orifices  in- 
creases as  the  head  increases,  but  at  a  lesser 


40.  It  is  hoped  that  the  information  given 
in  this  paper  will  enable  a  reasonably  accur- 
ate measurement  of  air  at  low  pressure  to  be 
made  by  the  use  of  a  comparatively  simple  and 
inexpensive  gauging  apparatus. 

Note. — On  derivation  of  equation  (i). 
Let  W  =  weight  of  gas  discharged  per 
second  in  pounds. 
A  =  area  of  cross   section  of  jet 

in  .square  feet. 
P,,  P,  =  pressures  inside  and  out- 
side orifice    in    poui.ds    per 
square  foot- 
F,,  V^  =  corresponding     specific 
volumes. 
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rate  the  larger  the  orifices,  till  for  the  2  inch 
orifice  it  is  almost  constant.  For  orifices  larger 
than  2  inches  it  decreases  as  the  head  in- 
creases, and  at  a  greater  rate  the  larger  the 
orifice. 

(2)  The  coefficient  decreases  as  the  di- 
ameter of  the  orifice  increases  and  at  a  great- 
er rate  the  higher  the  head. 

(3)  The  coefficient  does  not  change  appre- 
ciably with  temperature  (between  40  degrees 
and   100  degrees   Fahr.). 

(4)  The  coefficient  Cat  heads  under  6 
inches)  is  not  appreciably  affected  by  the  size 
of  the  box  if  the  ratio  of  the  areas  of  the  box 
and  orifice  is  at  least  20:1. 


y  =  ratio    of   the    specific    heats 

K,   K. 
K  =  Kinetic   energy    of  i   U).   of 

gas. 
u  =  velocity  of  gas  at  any  point. 
T  =  absolute  temperature. 
If  heat  is  given  to  a  quantity  of  gas  under 
any    circumstances    whatever,    the    amount    of 
heat   is   equivalent   to   the   increase   in   internal 
energy,  together  with  the  external  work  done, 
and  thus,  for  any  small  adiabatic  change. 

KJT  +  PdV=  0 (a) 

Again,  if  there  is  no  friction  loss,  the  amount 
of  heat  given  to  the  gas  must  be  equivalent  to 
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the  change  in  Kinetic  energy,  together  with 
the  change  in  pressure  energ>'  (head)  togeth- 
er with  the  change  in  internal  energy,  so  that 
for  anj'  small  adiable  change 

dK  +  d{PV)  K.,+  dT=0 (b) 

From   (a)   and   (b)   we  have 
dK  +  VdP=  0 


29 


y-\ 


{P,V,-P,V,) 


hence  u  = 


29 


y 


y-\ 


{P,V,-P,V,)  = 


^^A^^^FW^ 


hence  in  passing  from  conditions  PiV^  to  con-      and  the  weight  of  gas  discharged  in  unit  time 
ditions  PF  we  shall  have  ^^'i^h  frictionless  adiabatic  flow  is 

VdP 
0        -    P 

r,  since  PF:v  =  constant,  and  if  u  is  the  final 
velocity. 


/?-/ 


W-f=A 


>.A*l(3'-(^)?J 


Of  Orifice 


TABLE  IX. 


Resebvoib 

1  Corrected 

No. 

Dlam. 

of 
Orifice 

Ins. 

Head 

Ins. 

water 

Duration 

of 

trial. 

Sees. 

Box 

Temp. 

Abs. 

Actual 
discharge 
Lbs.  bee. 

actual 

of 
trial 

Abs. 
Pressure 

\bs. 
Temperature 

discharge 

,  at  600  F. 

and 

Initial. 

Final. 

Initial. 

Final. 

14.7  lbs. 

46 

1^ 

1 

672 

91.8 

44.8 

524.1 

519.6 

519.0 

.03870 

.03839 

*7 

1 

592 

94.8 

44.8 

538.3 

518.8 

519.3 

.03772 

.03732 

48 

1 

686 

94.8 

44.8 

541.3 

519.5 

519.7 

.03773 

.03734 

49 

2 

417 

94.8 

44.8 

640.8 

515.5 

518.0 

.0.5274 

.05224 

60 

2 

600 

94.6 

26.6 

523.4 

517.0 

513.4 

.05368 

.05301 

2 

600 

94.8 

26.8 

523.2 

515.7 

514.5 

.05318 

.05256 

62 

3 

373 

96.8 

44.8 

523.7 

512.7 

516.6 

.00.500 

.06440 

3 

319 

89.8 

.  44.8 

523.4 

512.8 

516.7 

.06570 

.06514 

3 

339 

92.8 

44.8 

529.4 

513.1 

516.1 

.06459 

.06399 

66 

4 

286 

91.8 

44.8 

623.8 

512.1 

516.2 

.07632 

.07565 

4 

306 

94.8 

44.8 

526.9 

512.2 

514.9 

.07518 

.07444 

67 

^ 

273 

94.8 

44.8 

524.7 

511.1 

517.1 

.08480 

.08415 

68 

5 

267 

94.8 

44.8 

532  0 

511.6 

515.2 

.08445 

.08326    . 

6 

256 

91.8 

44.8 

527.7 

512.1 

514.8 

.08401 

.08321 
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TABLE  X. 


i 

RESEBTOIE 

Corrected 

No.    I>iam.  Head 

Duration 
of 

Box 
Temp. 

Actual 
discharge 

actual 

of        "^f          ins. 

AbS. 

AbS. 

discharge 

at  60°  F. 

and 

trial  Orifice  ^^ter 
ins. 

trial. 
8ec8.    ' 

Pressure 

Temperature 

AbS. 

Lbs.  Sec. 

Initial. 

Final. 

Initial. 

Final. 

14.7  lbs. 

60 

•2           1 

347.2 

92.1 

42.5 

524.6 

510.1 

511.0 

.06613 

.06521 

61 

1 

332.0 

87.0 

37.5 

539.8 

510.6 

513.2 

.06579 

.06503 

62 

1 

335.2 

87.0 

37.5 

536.4 

512.8 

513.7 

.06613 

.06.539 

63 

,■     "            2 

240.5 

82.0 

32.6 

537.2 

511.4 

513.0 

.09191 

.09097 

64 

^     "           2 

242.0 

87.0 

37.5 

525.5 

511.5 

517.1 

.09479 

.t»416 

65 

2 

232.7 

94.8 

44.8 

534.5 

511.3 

521.2 

.a9G;?2 

.09600 

66 

3 

240.0 

95.8 

36.0 

526.2 

.516.4 

512.6 

.1165 

.1153 

67 

3 

240.0 

94.8 

'      35.3 

525.6 

.522.3 

513.3 

.1168 

.1157 

68 

3 

240.0 

91.8 

,     32.4 

525.5 

.520.1 

514.7 

;       .1165 

.1155 

69 

•  < 

3 

210.0 

93.1 

41.1 

526.2 

524.1 

513.6 

.1167 

.1156 

70 

4 

150.0 

89.3 

45.7 

525.5 

523.9 

514.4 

.1371 

.1358 

7L 

■  < 

4 

1.50.0 

88.8 

45.9 

526.0 

521.9 

514.9 

.134:J 

.1333 

72 

4 

150.0 

96.6 

53.8 

.527.3 

.519.7 

515.0 

.1.322 

.1312 

73 

•  < 

119.31 

92.2 

i      54.3 

523.3 

521.4 

517.5 

.1502 

.1494 

74 

■  < 

5 

113.93 

90.6 

!      64.6 

524.6 

523.0 

516.1 

.1491 

.1481 

75 

" 

5 

132.18 

96.8 

1      55.1 

524.5 

52-2.2 

1   514.3 

1 

.1489 

.1476 

TABLE  XL 


Besebyoib 

1 

Cf'rrected 

No. 
of 

Diam. 

of 

Head 
Ins. 

Duration 
of 

Box 
Temp. 

Actual 
discharge 

actual 

discharge 

at  60°  F. 

and 

AbS. 

AbS. 

trial 

Orifice 
ins. 

water 

trial. 

Sees. 

Pressure 

Temperature 

AbS. 

Lbs.  Sec. 

Initial.  1  Final. 

Initial. 

Final. 

14.7  lbs. 

76 

•IV. 

1 

299.8 

92.8      1    26.5 

523.7 

.515.6 

516.1 

.10*2 

.1034 

77        '•'•* 

1 

300.0 

93.8      1     27.4 

523.2 

.515.0 

.513.3 

.1046 

.103*; 

78 

1 

299.5 

92.9      1     25.9 

.522.8 

516.1 

.511.9 

.10.59 

.UH7 

79          " 

1 

300.0 

93.3           26.6 

.524.9 

.514.0 

.511.1 

.1046 

.io:m 

80          " 

2 

139.0 

90.6      ;    4«.l 

516.7 

515.5 

.510.7 

.1470 

.1453 

81 

2 

150.0 

90.38         42.92 

521.1 

515.8 

513.6 

.1499 

.14M'> 

82          " 

3 

178.2 

92.1       !     22.3 

532.8 

506.8 

.509.8 

.1800 

.1780 

83    1      " 

3 

105.0 

87.6       1     48.4 

513.8 

.515.3 

.512.8 

.1810 

.1793 

M    1      " 

3 

110.0 

89.93         48.15 

522.2 

618.1 

512.3 

.  1793 

.1776 

85    1      " 

4 

126.6 

92.1           32.6 

545.8 

509.2 

511.5 

.2«>59 

.2038 

86          " 

i 

99.0 

'     90.96         47. .33 

621.5 

514.6 

.514.7 

.2074 

.2069 

87 

4 

98.66 

86.0           42.8 

52:j.4 

516.9 

512.9 

.2058 

.2039 

88    1      " 

5 

111.4 

!     89.0           32.6 

526.0 

507.7 

513.8 

.2346 

.2328 

89    1      " 

5 

114.8 

1    92.1          32.6 

537.1 

609.7 

509.1 

.2335 

.2306 

90    1      " 

\ 

5 

116.8 

96.7          36.5 

637.3 

608.7 

506.8 

.2327 

.2290 
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TABLE  XII. 


1 

Eesebvoik 

! 

Corrected 

No.  Jl>iam. 

Head 
ins. 

Duration 

of 

trial. 

Sees. 

Box 
Temp. 

Actual 
discharge 

actual 

of 

of 

Abs. 

Abs. 

discharge 

trial 

ins. 

water 

Pressure 

Temperature 

Abs. 

Lbs.  Sec. 

and 

Initial. 

Final. 

Initial. 

Final. 

14.7  lbs. 

91    i      3            1 

150.17 

98.3 

49.6 

524.4 

521.2 

513.2 

.1530 

.1513 

92 

1 

148.32 

96.5 

48.5 

524.4 

522.8 

513.8 

.1532 

.1513 

93 

1 

153.63 

95.9 

45.8 

526.6 

523.0 

515.1 
513.5 

.1.531 

.1.509 

94 

2 

86.21 

92.1 

53.1 

523.9 

523.6 

.2147 

.2111 

95 

2 

93.72 

93.0 

50.8 

519.0 

517.4 

512.6 

.2138 

.2107 

96 

2 

74.95 

93.2 

.59.3 

520.0 

519.3 

509.9 

.2161 

.2114 

97 

3 

67.32 

99.1 

62.0 

519.9 

517.6 

509.3 

.2613 

.2567 

98 

3 

73.20 

94.0 

53.6 

520.3 

519.5 

.512.5 

.2638 

.2591 

99 

3 

44.45 

99.2 

73.7 

521.8 

511.4 

.509.5 

.2569 

.2533 

100 

4 

47.92 

94.8 

63.0 

519.8 

508.8 

.509.3 

.3043 

.3006 

101 

4 

45.. 54 

97.1 

68.3 

519.2 

517.0 

511.5 

.2995 

.2944 

102 

4 

55.15 

100.7 

65.6 

521.8 

517.5 

509.7 

.2986 

.2941 

103 

5 

42.97 

90.0 

59.3 

519.3 

516.9 

510.4 

..3388 

.3336 

104 

5 

50.23 

98.0 

62.4 

520.1 

518.8 

505.7 

.3373 

.3292 

105 

5 

43.27 

94.6 

63.1 

518.8 « 

518.6 

506.3 

.3490 

.3397 

TABLE  XIIL 


Reseevoie 

Corrected 

No. 

Dlam 

of 
Orifice 

ins. 

Head 
ins. 

Duration 

of 

trial. 

Sees. 

Box 
Temp. 

Actual 
discharge 

actual 

of 

Abs. 

Abs. 

discharge 

trial 

water 

Pressure 

Temperature 

Abs. 

Lbs.  Sec. 

at  6O0  F. 
and 

Initial.  >,  Final. 

Initial.  1  Final. 

14.7  lbs. 

106 

3K 

1 

72.10 

99.5     1    67.6 

520.2        518.7 

505.5 

.2105 

.2051 

107 

1 

67.35 

98.5     I    69.1 

519.6         517.6 

505.7 

.2069 

.2020 

108 

2 

52.2 

100.4         68.7 

520.4         518.9 

505.2 

.2889 

.2810 

109 

2 

68.78 

99.1     1    56.8 

520.1         518.1 

503.7 

.2926 

.2862 

110 

2 

54.59 

98.3          64.9 

520.3         519.7 

505.1 

.2926 

.2847 

111 

3 

41.04 

96.23       65.60 

519.8         517.9 

507.2 

.3541 

.3458 

112 

3 

69.2 

89.7          38.3 

522.5     j     512.1 

509.2 

.3481 

.3442 

113 

3 

75.0 

89.0     1     32.2 

520.0         515.5 

511.2 

.3543 

.3509 

114 

4 

34.04 

98.33   i    69.28 

521.5         519.6 

505.7 

.4042 

.3945 

115 

4 

60.5 

86.9     1     34.9 

520.3         515.7 

503.5 

.4084 

.4012 

116 

4 

68.5 

90.9     !     32.4 

521.0     1     511.8 

506.4 

.4039 

.3984 

117 

5 

29.35 

95.15   1     66.21 

519.2     1     513.1 

507.0 

.4595 

.4518 

118 

5 

30.12 

95.41 

65.94 

520.3         519.2 

506.6 

.4650 

.4545 

119 

5 

31.22 

97.69 

66.92 

520.7         520.1 

505.1 

.4702 

.4572 

TABLE  XIV. 


Eesebvoib 

Corrected 

No.    Dlam. 

Head 
ins. 

Duration 

of 

trial. 

Sees. 

Box 
Temp. 

Actual 
discharge 

actual 

of        0^ 
trial  Orifice 
ins. 

Abs. 

Abs. 

discharge 

water 

Pressure 

Temperature 

Abs. 

Lbs.  Sec. 

at  60°  F, 
and 

Initial. 

Final. 

Initial.  1  Final. 

14.7  lbs. 

120 

4 

1 

54.89 

98.00 

66.. 57 

520.6 

518.9 

507.8 

'      .2715 

.2657 

121 

1 

48.69 

96.56 

68.56 

522.0 

519.3 

506.7 

.2745 

.2684 

122 

1 

47.46 

97.30 

70.03 

521.6 

518.3 

.506.6 

.2696 

.2642 

123 

2 

36.08 

96.31 

67.24 

521.1 

520.0 

505.4 

.3820 

.3722 

124 

2 

38.60 

97.39 

65.60 

521.6 

518.9 

.505.2 

.3887 

.3805 

125 

2 

40.6 

97.15 

63.73 

520.8 

517.0 

507.7 

.3880 

.3811 

126 

3 

53.5 

89.6 

37.1 

523.7 

519.7 

508.3 

.4636 

.4578 

127 

3 

54.6 

91.8 

37.2 

524.3 

.514  5 

506.8 

.4684 

.4620 

128 

4 

22.69 

94.65 

69.07 

521.4 

518.6 

.504.8 

.5319 

.5189 

129 

4 

21.66 

95.49 

70.63 

521.4 

517.0 

503.6 

.5330 

.5191 

130 

4 

42.5 

91.2 

43.0 

.524.3 

514.8 

506.0 

.5298 

.5221 

131 

6 

19.91 

96.55 

71.33 

520.5 

519.1 

503.7 

.6125 

.5970 

132 

6 

20.32 

97.35 

71.17 

519.8 

518.7 

503.4 

.6135 

.5967 

133 

6 

20  68 

93,94 

67.75 

520.1 

516.4 

504.6 

.5943 

.5819 
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TABLE  XV. 


Kesebvoir 

Corrected 

No. 

Diam. 

of 
Orifice 

ins 

Head 

ins. 

water 

Duration 

of 

trial. 

Sees. 

Box 

Temp. 

Abs. 

Actual 
discharge 
Lbs.  Sec. 

actual 

of 
trial 

Abs. 

Pressure 

Abs. 
Temperature 

discharge 

at  600  F. 

and 

Initial. 

Final. 

Initial.    Final. 

14.7  lbs. 

lU 

iK 

1 

38.00 

97.85 

69.83 

521.0       519.4 

504.8 

.3489 

.3406 

135 

1 

47.83 

102  48 

66.96 

525.5       518.9 

507.3 

.3429 

.3373 

136 

1 

40.25 

97.13 

67.37 

520.9       518.9 

506.2 

.3505 

.3438 

137 

2 

23.57 

99.0 

74.6 

522.1       .518.9 

506.2 

.4834 

.4727 

138 

2 

25.89 

93.50 

65.77 

515.9       .512.7 

505  4 

.5086 

.4984 

139 

3 

23.79 

96.31 

65  18 

515.7       .512.9 

.503.8 

.6233 

.6085 

140 

3 

25.65 

97.74 

64.40 

515.4       .516.0 

5U3.4 

.6295 

.6099 

Ul 

3 

23.82 

95.77 

64.77 

515.0       515.8 

503.4 

•6308 

.6119 

142 

4 

21.46 

96.82 

64.62 

515.3       .515.4 

.503.5 

.7247 

.7044 

143 

4 

21.31 

94.35 

63.30 

■515.2       .515.8 

503.4 

.7052 

.6832 

144 

4 

37.00 

94.47       39.95 

.515.1 

514 . 5 

498.9 

.7112 

.6925 

145 

5 

29.06 

93.40        44.37 

.515  9 

.515.0 

498.2 

.8121 

.7902 

146 

5 

29.71 

S3. 43        44.80 

.515.9 

.516.3 

496.5 

.7893 

.7664 

147 

1 

93.85 

96.61        65.90 

520.2 

517.9 

509.1 

.1548 

.1512 

148 

1 

87.81 

97.21        68.31 

.521.1 

519.0 

508.0 

.1556 

.1515 

149 

D 

36.59 

92.35        63.41 

520.2 

.518.1 

504.7 

.3767 

.3675 

1.50 

5 

34.74 

91.02        63.41 

.520.3 

519.8 

504 . 4 

.3796 

.3679 

TABLE  XVI 


Besertoie 

actual 
disclia-rge 
atoO"  1. 

Xo. 

Diam 

Head 

Duration 

Box 

of 

of 

Orifice 

ins. 

ins 

of 
trial. 
Sees. 

Abs. 

Abs. 

Temp. 

discharge 

trial 

water 

Pressure 

Temperature 

Abs. 

Lbs.  Sec. 

and 

Initial. 

Final. 

Initial. 

Final. 

14.7  1 '^8- 

151 

3 

1,020 

91.3 

27.5 

522.6 

518.2 

516.1 

.02968 

.02938 

152 

3 

600.0 

93.9 

55.9 

525.4 

517.9 

525.5 

.02936 

.02901 

153 

X 

3 

600.0 

87.2 

49.1 

526.3 

517.4 

.525.9 

.02936 

.02934 

154 

3 

600.0 

94.2 

56.1 

527.5 

517.8 

526.3 

.02916 

.02881 

155 

3 

600.0 

90.6 

52.6 

531.7 

519.1 

537.0 

.02861      i 

.02827 

156 

3 

600.0 

89.3 

52.2 

524.0 

519.3 

542.4 

.02898      1 

.02864 

157 

3 

600.0 

87.6 

50.5 

525 . 6 

518.0 

546.8 

.028t)5 

.02832 

158 

3 

60O.O 

92.1 

52.0 

531.8 

517.7 

548.1 

-.03018 

.02984 

159 

3 

599.5 

86.3 

50.2 

524.8 

518.4 

.549.6 

.02803 

.02767 

ICO  . 

3 

599.0 

90.6 

55.1 

533.5 

522.4 

.561.8 

.02675 

.02037 

161 

3 

600.0 

91.8 

51.5 

531.3 

517.3 

563.3 

.03038 

.03004 

162 

3 

599.4 

80.0 

46.0 

523.7 

520.1 

567.6 

.02671      ] 

.02636 

ELECTRICITY  AND  COMPRESSED 
AIR. 

What  is  technically  known  as  the  electro- 
pneumatic  switch  has  been  installed  at  the 
Newcastle  Central  Railway  Station,  Newcastle, 
England,  for  tht  purpose  of  dealing  with  the 
traffic  at  the  west  end  of  the  station,  which 
will  be  considerably  increased  when  the  new 
High  Level  Bridge  is  opened. 

The  necessary  plant  for  working  the  sys- 
tem has  been  laid  down  under  the  north 
wing  of  the  old  High  Level,  and  the  new  order 
of  things  is  expected  to  come  into  operation  in 
August. 

One  of  its  advantages  is  that  manual  e.\- 
ertion  is  reduced  to  a  minimum.  All  the 
signalmen  will  be  required  to  do  to  change 
the  position  of  points  or  signals  will  be  to 
shaft  a  small  lever,  which  can  be  freely  work- 
ed with  the  finger  and  thumb.  Compressed 
air  w^ill  do  the  remainder. 


The  plant  comprises  two  35  horse-power 
gas  engines,  with  combined  air  compressers, 
and  a  30  horse-power  electric  motor,  also  fitted 
with  a  combined  air  compresser. 

These  generate  the  compressed  air  by  which 
the  points  and  signals  are  worked,  provision 
being  made  for  storing  the  electricity  for  set- 
the  air  in  motion. 

At  the  west  end  of  the  station  a  new 
signal  bo.x  has  been  erected  from  which  will 
be  manipulated  1S2  signals  and  136  pairs  of 
points  by  211  levers.  In  many  cases  a  single 
lever  works  two  and  more  signals  and  points. 
83  levers  to  be  installed  will  command  60 
south    end   of  the   new   High    Level,   and   the 

A  signal  cabin  has  also  been  built  at  the 
signals  and  34  pairs  of  points  and  bars. 

Pipes  are  to  be  laid  from  the  signal  boxes  to 
the  points  and  signals,  and  a  uniform  pres- 
sure of  65  pounds  of  compressed  air  will  be 
maintained,  the  working  of  the  inotive  power 
being  done  electrically  by  connection  with  the 
levers. — Exchange. 
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THE  EDUCATION  OF  ENGINEERS 

We  print  in  this  issue  of  Compressed  Air 
an  abstract  of  a  paper  read  recently  before  the 
Institution  of  ]\Iining  Engineers  at  London,  on 
■'The  Education  of  Mining  Engineers,"  in 
which  many  important  subjects  are  taken  up 
relative  to  obtaining  the  most  advantageous 
curriculum.  Now  we  note  that  not  one  word 
is  ever  said  about  compressed  air  as  being  a 
subject  of  study  in  papers  such  as  this,  and, 
with  one  exception,  we  do  not  know  of  any 
college  of  universit}'  in  the  United  States  or 
England  which  gives  courses  in  this  subject. 
The  one  exception  is  New  York  University, 
where  a  comprehensive  course  in  compressed 
air  and  its  applications  is  delivered  by  Prof. 
D.  W.  Hering  of  the  Department  of  physics. 
Why  is  it  that  this  important  subject  has  re- 
ceived so  little  attention  from  our  colleges  and 
scientific  .schools?  The  field  of  compressed  air 
is  an  exceedingly  broad  one  and  would  cer- 
tainly justify  the  establishing  of  such  a  course. 

The  capital  involved  in  the  manufacture  of 
compressed  air  machinery  is  very  great  and, 
while  not  perhaps  so  large  as  that  involved  in 
the  manufacture  of  electrical  apparatus,  it  is 
still  a  big  factor  in  our  industrial  system. 
When  a  branch  of  engineering  supports  such 
large  concerns  as  the  Ingersoll-Rand  Co.,  Chi- 
cago Pneumatic  Tool  Co.,  Sullivan  Machinery 
Co.,  and  many  other  concerns  of  prominence, 
it  seems  to  us  that  it  should  receive  attention 
in  our  colleges  and  technical  schools.  Such  is 
not  the  case,  however,  and,  while  many  col- 
leges are  devoting  months  and  even  years  to 
the  subjects  of  electricity  and  direct  combus- 
tion engines,  compressed  air  is  entirely  neg- 
lected. 

For  this  reason,  when  the  j'oung  technical 
graduate  takes  a  position  with  any  of  the  com- 
panies such  as  mentioned  above,  he  has  to 
spend  many  months  of  hard  study  before  he 
is  fitted  for  an  important  position;  while,  if  a 
short  course  were  given  on  the  theory  and 
practice  of  compressed  air,  much  time  and 
trouble  would  be  saved  later  on.  A  short 
time  ago  we  printed  an  article  on  the  training 
of  apprentices  at  the  shops  of  the  Rand  Drill 
Company,  at  Tarrytown,  N.  Y.,  in  which  the 
writer  stated  that  six  months  were  required 
for  these  young  engineers  to  learn  the  rudi- 
ments of  their  chosen  profession,  and  it  was 
necessary  that  the  knowledge  gained  by  exper- 
ience in  the  shops  be  supplemented  by  numer- 
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ous  lectures  and  examination  questions  before 
the  apprentice  was  deemed  of  sufficient  value 
to  receive  a  position  in  one  of  the  branch 
offices  of  the  company.  Even  then,  however, 
his  education  was  not  complete  and  it  required 
at  least  two  months  more  to  become  familiar 
enough  with  compressed  air  theory  to  be 
trusted  with  the  "figuring  out"  of  a  plant.  We 
certainly  hope  that  some  of  our  universities 
will  establish  courses  in  compressed  air  and 
follow  in  the  foot-steos  of  the  New  York  Uni- 
versitj'  in  training  young  men  for  this  most 
important   subject. 


ARE    WE    BEING    SUPERSEDED? 

For  ten  years  Compressed  Air  has  harbored 
the  impression  that  it  was  secure  in  its  chosen 
field,  thus  far  nothing  having  been  perfected 
to  take  its  place.  Electricitj^  has  given  us  a 
few  spasms  now  and  then,  but  the  fright  soon 
passed  off  leaving  us  more  secure  than  ever. 
Now.  however,  we  receive  word  that  a  new 
medium  for  the  transmission  of  power  is  com- 
ing to  the  front.  One  of  the  latest  mono- 
graphs of  the  United  States  Geological  Survey 
is  devoted  to  what  is  in  a  certain  sense  a  new 
industry.  This  is  nothing  less  than  the  ex- 
traction from  the  earth  of  natural  carbonic 
acid  gas.  Beneath  the  surface  of  the  earth  in 
and  near  Saratoga,  for  instance,  is  an  im- 
mense reservoir  of  carbon  dioxide,  and  the 
business  of  utilizing  its  contents,  independ- 
ently of  the  bottling  of  the  waters  for  which 
that  locality  has  long  been  famous,  is  now 
conducted  on  a  large  scale.  The  daily  output 
of  the  gas  wells  is  not  far  from  twenty  thou- 
sand pounds,  and  fully  half  that  amount  is  re- 
covered and  marketed,  first  going  through  a 
process  that  robs  it  of  its  moisture  and  then 
being  highly  compressed  for  shipment  in  steel 
cylinders. 

The  most  interesting  point  in  connection 
with  the  use  of  this  gas,  says  the  report,  is 
that  in  some  localities  its  service  is  by  no 
means  limited  to  the  production  of  soda  water 
and  the  imparting  of  effervescence  to  other 
beverages.  The  compressed  gas  being  used  in 
place  of  compressed  air  for  the  operation  of 
block  signals  on  railways,  possibly  because  it 
is  more  economical  in  some  localities  to  rely 
on  cylinders  of  gas  than  to  install  a  compressor 
plant.  Again  in  Europe  it  is  employed  more 
extensively  than  in  the  United  States  for  me- 
chanical refrigeration.  The  machinery  in 
which   it   is   used  is  more   compact   than   that 


required  with  ammonia.  Pressures  of  i,ooo  to 
1,200  pounds  to  the  square  inch  are  deemed 
not  only  feasible  but  safe  with  carbon  dioxide, 
while  150  to  200  pounds  represent  the  com- 
mon practice  with  ammonia.  Besides,  when 
an  explosion  suddenly  liberates  a  large  quan- 
tity of  ammonia  vapor  the  effect  is  often  fatal 
to  those  in  the  immediate  vicinity.  No  such 
consequences  attend  the  escape  of  carbonic 
acid  gas. 

As  a  result  of  all  these  discoveries  it  would 
seem  as  though  we  ought  to  warn  our  sub- 
scribers that  perhaps  they  may  wake  up  some 
morning  to  find  that  the  name  of  this  paper 
has    been    changed    from    Compressed   Air   to 

"CARBOXIC  ACID  GAS/'  "cARBON  DIOXIDE,"  Of 

plain   "CO  ." 


LIVING    IN    COMPRESSED    AIR. 

The  Royal  Society  has  just  issued  a  first 
report  of  some  interesting  experiments  lately 
undertaken  by  two  Englishmen  of  science.  Dr. 
Leonard  Hill  and  Mr.  M.  Greenwood,  with  a 
view  to  ascertaining  the  effects  of  compressed 
air  on  the  human  system.  These  experiments 
throw  some  light  upon  some  obscure  points 
in  physiolog}'.  but  they  have  a  practical  value 
altogether  apart  from  their  medical,  or  scien- 
tific, aspect. 

It  is  well  known  that  divers  can  not  descend 
more  than  a  certain  depth  below  the  surface 
of  the  water,  primarily  because  the  diving 
dress  must  have  compressed  air  inside  it  in 
order  to  resist  the  pressure  of  water  outside, 
and,  roughly  speaking,  one  atmosphere  has  to 
be  forced  in  for  every  distance  of  thirty-four 
feet  below  the  level  of  the  water. 

Thus,  at  a  depth  of  170  feet,  a  pressure  of 
five  atmospheres  is  necessary.  Few  divers, 
however,  have  ever  descended  so  far.  The  rec- 
ord dive  is  204  feet,  but  the  unfortunate  man 
who  accomplished  it  paid  for  it  with  his  life. 
At  depths  of  about  100  feet  a  danger  signal  is 
usually  hoisted.  The  British  Admiralty  adopt 
120  feet  as  the  limit  of  their  operations,  but  this 
has  been  surpassed  many  times  by  men  work- 
ing for  private  firms. 

There  is  much  buried  treasure,  some  of 
which  is  located  on  charts,  but  with  our  pres- 
ent appliances  it  is  hopeless  to  attempt  to  re- 
cover any  of  it.  Any  improvement,  therefore, 
in  methods  of  diving  is  of  considerable  import- 
ance. 

Dr.  Hill  explained  that  Mr.  Greenwood  and 
himself    had   been    trying   the    effect   of  com- 
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pressed  air  upon  themselves,  and  for  this  pur- 
pose they  had  had  constructed  a  large  steel 
cylinder,  of  rather  more  than  forty-two  cubic 
feet  capacity,  with  a  moter-driven  pump  for 
compression  and  taps  for  letting  out  the  air, 
or,  as  it  is  called,  decompression. 

They  were  subjected  to  a  pressure  of  about 
five  atmospheres,  equivalent  to  a  depth  of  170 
feet.  Mr.  Greenwood  successfully  resisted 
seven  atmospheres,  which  meant  that  he  could 
dive  to  a  depth  of  considerably  over  200  feet. 
They  had  previously  tried  experiments  on 
various  animals — dogs,  cats,  rats,  mice  and 
monkeys — and  found  that  they  could  resist 
eight,  nine,  and  even  ten  atmospheres. 

As  a  result  of  their  experiments  they  have 
ascertained  that  divers'  deaths  were  due  to  the 
fact  that  the  men  were  brought  to  the  surface 
too  rapidly.  Time  should  be  allowed  for  de- 
compressure  and  all  would  be  well. 

Dr.  Hill  said  his  impression  was  that  the 
functions  of  the  body  were  normal  in  com- 
pressed air.  They  stayed  in  the  apparatus  four 
or  five  hours  and  measured  their  respiration, 
took  notes  of  the  state  of  the  blood,  and  so 
forth. 

Dr.  Hill  said  that  no  doubt  men  would  go 
far  deeper  in  the  future  than  they  had  done.  It 
would  certainly  be  less  dangerous  than  looping 
the  loop.  They  had  a  monkey  who  was  sub- 
jected to  eight  atmospheres  three  times  a  week 
for  four  hours  at  a  time,  during  a  whole 
month,  and  he  never  had  the  slightest  unfavor- 
able symptom. 

Dr.  Hill's  apparatus  is  a  great  boiler-like 
cylinder  with  a  hole  at  the  side  scarcely  big- 
ger than  the  porthole  of  a  steamer.  Through 
this  hole  he  creeps  with  considerable  difficul- 
ty and  lies  at  full  length  on  a  matress  inside, 
while  an  iron  clamp  is  fixed  with  great  nuts 
screwed  tight  by  a  giant  spanner.  There  is 
a  small  electric  light  inside,  and  communica- 
tion is  carried  on  with  the  inmate  by  means 
of  a  telephone. 


NKW   PUBLICATIONS. 

Electrically-Driven  Air  Compressors. — 
Thompson. — A  paper  read  before  the  British 
Institution  of  Mining  Engineers  on  the  use 
of  electrically-driven  air  compressors  at  the 
Ouston  Colliery.  It  was  found  at  that  mine 
that  electricity  at  the  coal  face  was  out  of  ques- 
tion, owing  to  the  amount  of  gas  given  off 
by  the  Busty  seam.  On  the  other  hand,  a  well- 
equipped  modern  electric  station  had  been  put 
down  at  the  pit.     It  was  then  concluded  that 


it  would  be  cheaper  to  utilize  the  plant  for 
generating  electric  current  to  be  transmitted 
to  electrically-driven  air  compressors  than  to 
put  down  at  the  bank,  in  addition,  a  steam- 
driven  air  compressor  plant  and  to  conduct  air 
to  the  face  in  the  usual  way.  Moreover,  elec- 
tric cables  can  be  placed  in  the  shaft  and  along 
the  roadways  more  easily  than  bulky  air  pipes. 
The  installation  is  described;  in  two  tests  ef- 
ficiencies of  62  and  60  per  cent  of  the  plant 
were  found,  which  is  thought  to  compare  fa- 
vorably with  that  of  any  steam-driven  air  com- 
pressor plant. 


"The  Abuses  of  Valves,"  published  in  The 
Valve  World,  by  Mr.  R.  T.  Crane,  president 
of  Crane  Co.,  says  that  in  95  cases  out  of  100 
leaky  valves  are  due  to  abuse  and  carelessness 
on  the  part  of  the  men  who  install  them,  rath- 
er than  to  defects  in  the  valves  themselves.  If 
the  few  simple  directions  given  by  ]\Ir.  Crane 
for  the  installation  and  care  of  valves  were 
generally  followed  much  of  the  annoyance  and 
expense  due  to  leaky  valves  would  be  avoided. 
The  article  has  been  printed  in  the  form  of  a 
poster  suitable  for  hanging  on  the  walls  of 
engine  rooms  and  shops,  and  all  users  of 
valves  may  obtain  one  or  more  copies  free  by 
writing  Crane  Co.,  Chicago.  The  posters  are 
legibly  printed  in  two  colors  on  heavy  calen- 
dered bristol  board,  and  contain  no  advertising 
other  than  the  name  of  the  publisher. 


TRADE    PUBLICATIONS. 

SrLLiv.Ax  Machinery  Company,  Railway  Ex- 
change Building,  Chicago,  111. — Modern 
Methods  of  Producing  Coal.  Part  i.  A 
handsomely  illustrated  booklet,  6x9,  de- 
voted to  descriptions  of  the  Sullivan  Pick 
Machine  for  undermining  coal.  This  book 
also  contains  some  valuable  statistics  on 
bituminous  coal  production  in  the  United 
States,  average  prices  per  net  ton,  approx- 
imate analysis  and  heating  value  of  Amer- 
ican coals,  etc.  This  catalog  is  known  as 
Catalog  No.  57. 

Edison  Manufacturing  Company.  Orange, 
N.  J. — Illustrated  booklet  describing  Edi- 
son Primary  Batteries  (formerly  known  as 
Edison-Lalande)  and  the  Edison  Spark 
Coil. 

Cooper-Hewitt  Lamp  Company,  Garrison 
Place  and  Fayette  street.  Pittsburgh,  Pa. — 
The  Economical  Lighting  of  Industrial 
Plants.  Booklet  5x7^.  describing  the 
Cooper-Hewitt  Mercury- Vapor  Lamp  as 
adapted  to  lighting  manufacturing  plants, 
offices,  drafting  rooms,  etc. 

The  Nernst  Lamp  Company,  Pittsburgh,  Pa, 
— Booklet  6x9.  illustrating  the  desisn  and 
application  of  Nernst  Lamps  for  Electric 
Lighting. 

Steel  City  Electric  Company.  Third  street 
and  Pennsylvania  avenue.  Pittsburgh,  Pa. 
— Small  booklet  devoted  to  Star  Bushings 
and  other  contractor's  supplies. 
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Baldwin  Locomotive  Works,  Philadelphia, 
Pa. — Record  of  Recent  Construction,  No. 
S6,   being  a    description   of   the   Atchison, 

, .  Topeka  &  Santa  Fe  Railway  System  and 
the  locomotives  constructed  for  this  sj'S- 
tem  by  the  Baldwin  Locomotive  Works 
since  1875. 

Western  Wheeled  Scraper  Company,  Auro- 
ra, 111. — Profusely  illustrated  catalog  de- 
scribing Standard  Western  Wheeled 
Scrapers,  Drag  Scrapers,  Railroad  Plows, 
Road  ^Machines  and  Ditchers,  Western  Air 
Dump  Cars.  etc.  This  catalog  is  submitted 
by  M.  E.  Davis.  Eastern  Agent,  829  Park 
Row   Building,   New   York   City. 

KiLBOURNE  &  Jacobs  j\La.xufacturixg  Com- 
pany, Columbus,  Ohio. — Catalog  No.  32-D 
describing  Contractors'  Dump  Cars.  Steam 
Shovel  Cars,  Hopper  Cars,  Track  Laying 
Cars,  Quarry  Cars  and  Contractors' 
Dump  Carts. 

CHEAP  oxygen  is  the  one  important  pro- 
duct thus  far  obtained  from  liquid  air, 
for  which  such  extravagant  prophecies 
have  been  made.  As  the  nitrogen  and  oxygen 
of  the  liquid  air  return  to  the  gaseous  state,  at 
different  temperatures,  it  has  proven  to  be  pos- 
sible to  separate  them  by  fractional  distillation, 
and  as  the  evaporation  of  the  gases  cools  the  air 
entering  to  be  compressed  in  the  apparatus,  the 
process  is  very  economical.  An  idea  of  this 
efficiency  has  lately  been  given  by  M.  Georges 
Claude.  His  plant  produces  1,000  cubic  metres 
of  oxygen  with  a  purity  of  96  to  98  per  cent. 
in  24  hours,  and  the  cost  in  France  is  only 
one-twentieth  of  that  of  oxygen  from  the 
electrolytic  decomposition  of  water. 


INDUSTRIAL. 


The  use  of  underground  compressors  obvi- 
ates a  loss  by  friction  in  transmission  and  also 
makes  possible  a  saving  in  labor,  as  the  man 
in  charge  can  also  attend  to  other  duties.  There 
is  sometimes  a  disadvantage  in  that  the  air 
compressed  may  be  foul  and  therefore  unfit 
for  ventilation  at  the  headings.  Every  mining 
engineer  must  be  his  own  judge  as  to  the  de- 
sirability of  an  underground  compressor  for 
his  particular  case — Mining  Reporter. 


Newport,  R.  I.,  July  25.  A  whitehead  tor- 
pedo fired  from  the  dock  at  the  torpedo  sta- 
tion during  practice  to-day  struck  and  sank 
a  hole  in  the  boat  a  distance  of  three  hundred 
seated.  A  life  boat  rescued  the  seamen.  The 
torpedo  was  not  charged,  but  it  was  driven 
with  sufficient  force  by  compressed  air  to  break 
a  hole  in  the  boafc  a  distance  o  fthree  hundred 
yards.  The  men  in  the  boat  were  standing  on 
the   range   to   pick   up   the   spent   torpedo. 


A  NEW  AIR  COMPRESSOR. 

The  accompanying  enyraviugs  illustrate  a 
new  type  of  Sullivan  air  compressor,  which  is 
particularly  suited  to  the  requirements  of  mines 
and  quarries,  as  well  as  for  industrial  pur- 
poses of  various  kinds.  This  machine  is  of 
the  duplex  pattern,  and  is  built  in  several  com- 
binations of  steam  and  air  cylinders,  also  for 
belt  and  power  drive.  The  dominant  feature 
of  these  various  types  is  the  box  frame,  with 
housing,  which  forms  a  tight  enclosure  about 
the  crank  discs,  main  bearings,  eccentrics,  con- 
necting rods  and  crossheads.  This  housing 
excludes  dust  and  dirt,  and  permits  the  use 
of  a  system  of  self-lubrication  of  the  principal 


exterior  view  of  new  sullivax 
air  compressor. 
working  parts.  As  shown  in  the  sectional 
view,  an  oil  well  is  provided  in  each  frame,  in 
which  the  lower  edges  of  the  crank  discs  are 
immersed.  The  oil  clinging  to  the  discs  is  re- 
moved by  scrapers  in  contact  with  their  upper 
edges,  and  thence  conveyed,  by  means  of  a 
storage  chamber  and  suitable  pipes,  to  the  main 
journals,  crank  pins,  eccentrics  and  cross-head 
guides,  being  finally  returned  to  the  well  by 
gravity  to  be  used  again.  These  maciiines 
require  the  minimum  of  attention  and  care,  as 
it  is  necessary  to  add  oil  to  the  wells  only  at 
long  intervals. 

These  compressors  are  very  compactly  and 
substantially  built.  All  sizes  except  those  of 
largest  capacity  are  mounted  on  a  heavy  sub- 
base,  in  which  the  inter-cooler  and  steam  re- 
heater  (on  cross-compound  machines)  are  sit- 
uated. The  frames  are  of  the  heavy  duty 
type  or  tangye  pattern,  with  long  bearings  on 
the  base,  securing  rigidity,  and  maintenance 
of  correct  alignment  of  working  parts.  The 
steam  valve  gear  is  controlled  by  a  Meyer  ad- 
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instable  cut-off.  the  throttle  being  regulated  by 
a  sensitive  steam  and  air  governor. 

The  air  cylinders  are  not  cored  out,  but  in- 
stead, separate  liners  are  forced  into  the  cast- 
ings, thus  precluding  shrinkage  strains.  The 
space  between  the  liner  and  the  cylinder  forms 
the  water  jacket,  and  outside  of  this  again  is 
the  air  inlet  passage.  Incoming  air  is  thus  ad- 
mitted to  the  cylinder  without  contact  with 
heated  walls. 

The  air  cjiinder  heads  are  also  water  jack- 
eted, and  in  two-stage  compressors,  an  efficient 
inter-cooler  is  provided,  consisting  of  a  nest 
of    cold    water    tubes,    made    of    copper,    with 


thin  film  of  air  to  get  behind  the  closed  valve, 
pressing  the  cutting  edges  to  the  seat,  and 
making  the  valve  tight  against  leakage.  The 
valve  stems  have  T-shaped  heads  on  their  inner 
ends,  carefully  planed  and  fitted  to  the  slots 
in  the  ends  of  the  valves.  The  attachment  is 
such  that  the  valves  are  free  to  follow  up  wear 
automatically  without  hindrance  from  the 
stems.  These  valves  may  be  removed  through 
the  back  bonnets  without  disturbing  the  set- 
ting of  the  valve  gear.  This  valve  gear  is 
simple,  strong  and  durable,  is  positive  and  re- 
liable in  action,  and  insures  high  volumetric 
efficiencv. 


SECTIONAL    VIEW    OF     NEW    SULLIV.AX    AIR    COMPRESSOR. 


whose  cold  surfaces  the  air  is  forced  to  come 
into  intimate  contact  in  passing  from  the  low 
to  the  high  pressure  cylinder. 

The  inlet  valves  on  all  air  cylinders  are  of 
the  semi-rotary  or  Corliss  type,  and  are  moved 
by  steel  valve  stems,  connected  by  adjustable 
connecting  rods  to  independent  eccentrics  on 
the  engine  shaft.  The  moving  parts  start  from 
and  arrive  at  the  ends  of  their  travel  with  a 
slow  and  easy  motion,  but  at  the  points  of 
opening  and  closing  of  the  valves,  these  parts 
attain  their  greatest  speed ;  it  is  thus  possible 
for  the  valves  to  remain  open  during  the  entire 
stroke,  allowing  the  cylinder  to  fill  with  air 
at  barometric  pressure,  and  trapping  it  in- 
stantly before  the  niston  begins  its  return. 

The  valves  themselves  are  made  of  close- 
grained  semi-steel,  of  large  diameter,  fitted 
with  accuracy.     Provision  is  made  to  permit  a 


The  discharge  valves  are  placed  radially  on 
top  of  the  cylinder  head  castings.  They  are 
set  with  removable  seats  in  shallow  ports  or 
pockets,  as  shown  in  the  sectional  view*  of 
the  class  WE  machine  referred  to  above,  at 
a  sufficient  distance  from  the  ends  of  the  cyl- 
inder so  that  the  piston  travels  completely  past 
the  openings  to  these  pockets,  at  each  end  of 
the  stroke,  thereby  reducing  clearance  to  the 
smallest  amount  possible.  These  valves  are 
of  poppet  type,  internally  guided  on  cast  iron 
plugs  and  held  to  their  seats  by  light  steel 
springs.  They  are  seated  in  bronze  cages, 
readily  removable  by  unscrewing  the  valve 
plug.  As  shown  by  the  sectional  view,  they 
are  completely  surrounded  bj'  water  jackets, 
in  order  to  reduce  the  temperature  of  the  air 
at  its  terminal  pressure. 

All  working  parts  are  constructed  of  mater- 
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ials  which  experience  has  shown  to  be  best 
suited  for  their  respective  purposes,  and  all 
parts  of  the  machines  are  readily  accessible 
for  inspection  or  repair. 

These  air  compressors  are  built  in  capacities 
ranging  from  loo  to  2,600  cubic  feet  of  free 
air  per  minute.  The  makers,  the  Sullivan  Ma- 
chinery Co.,  of  Chicago,  state  that  they  have 
erected  large  additions  at  their  works  at  Clare- 
mont,  N.  H.,  for  the  proper  manufacture  of 
this  tj'pe  of  compressor. 


tanks,    one    of    about   96,000   gallons    capacity, 
and  the  other  of  about  16,000  gallons. 


THE  Sierra  Consolidated  Gold  ]\Iining  Co., 
of  Millsboro.  N.  M.,  hag  placed  a  large 
contract  with  the  Traylor  Engineering 
Co..  of  New  York,  for  hoisting,  pumping  and 
electrical  machinery,  and  the  steel  and  iron 
work  necessary  for  a  complete  hoisting  and 
crushing  plant,  thus  completing  its  outfit  for 
taking  out  and  treating  its  ores. 

The  order  was  placed  through  the  Hon. 
Warner  ■Miller,  president  of  the  company,  from 
the  New  York  office,  100  Broadway.  The 
hoisting  outfit  is  for  a  three-compartment 
vertical  shaft,  and  there  are  to  be  two  electric 
hoisting  engines ;  one  with  a  single  drum  to 
hold  1,000  feet  of  5/^"  wire  rope,  to  lift  2,ooo 
pounds  at  a  rate  of  300  feet  per  minute,  and 
the  other  with  two  independent  drums,  each 
to  hold  i.ooo  feet  of  i"  rope,  and  capable  of 
lifting  a  load  of  4,000  pounds  at  a  rate  of  500 
feet  per  minute.  The  hoists  are  to  be  fitted 
with  all  the  latest  appliances  for  safety  and 
convenience,  and  will  be  operated  by  3  phase, 
60  cycle,  220  volt,  variable  speed,  external  re- 
sistance, induction  motors. 

A  complete  electrically  operated  pumping 
plant  is  also  included  in  the  contract.  This 
Avill  require  17,000  feet  of  transmission  wire 
to  connect  it  with  the  power  house,  besides  an 
entire  equipment  of  piping,  valves  and  other 
fittings.  The  current  for  operating  the  ma- 
chinery will  be  generated  by  two  125  Kilowatt 
revolving  field  Generators,  of  the  "Water 
Wheel"  type,  each  one  direct  connected  to  a 
170  H.  P.  American  Diesel  oil  engine.  The 
two  Diesel  engines  and  the  generators  are  in- 
cluded in  the  contract.  Other  electrical  equip- 
ment furnished  by  the  Traylor  Engineering 
Company  will  be,  two  12VS  Kilowatt.  125  volt, 
direct  current  generators ;  five  30  H.  P..  200 
volt  motors,  with  auto-starters ;  one  15  H.  P., 
200  volt  motor,  wHth  auto-starter ;  three  Kilo- 
watt step-up  transformers  for  raising  the  line 
current  voltage  from  200  to  2,000  volts;  three 
similar  step-down  transformers  for  reducing 
the  line  voltnge  from  2,000  to  200  volts ;  a  com- 
plete switchboard,  lamps  for  the  mill,  and  the 
wire  and  other  materials  for  the  17,000  feet 
of  transmission  line.  The  contract  includes 
also  a  cage,  skips,  grizzley,  ore  bin  gates,  steel 
linings  for  the  ore  bins,  a  plunger  feeder,  a 
belt  conveyor  100  feet  long  for  taking  ore  from 
the  crushing  plant  to  the  stamp  mill  bins, 
sheave  wheels,  an  amalgam  box  and  two  steel 


THE  Canadian  Westinghouse  Co.,  Ltd.,  is 
being  called  upon  to  supply  apparatus  for 
the  operation  of  a  number  of  single  phase 
railway  lines.  A  recent  contract  is  for  furnish- 
ing their  latest  type  of  alternating  current  sin- 
gle phase  railway  equipment  for  approximately 
35  miles  of  track,  for  the  Windsor,  Essex  & 
Lake  Shore  Rapid  Railway  Co.  For  the  pres- 
ent, five  cars  equipped  with  two  100  H.  P. 
motors  each,  will  be  operated,  in  addition  to 
which  the  order  covers  a  500  K.  W..  single 
phase,  25  cycle  generator  to  be  installed  in  the 
main  power  house  near  Essex,  together  with 
switchboards,  exciters  and  transformers,  for 
operating  the  system.  A  trolley  voltage  of 
6,600  will  be  used  and  the  most  improved  type 
of  catenary  line  construction  will  be  installed 
throughout  the  svstem. 


The  Stanley-G.  L  Electric  ^Manufacturing 
Company,  of  Pittsfield,  Mass,  have  just  placed 
on  the  market  a  new  and  novel  form  of  in- 
duction motor  made  in  various  sizes  up  to  jVz 
H.  P.  The  novel  feature  of  this  motor  is  in 
having  the  laminated  iron  core  of  the  stator 
freely  exposed  to  the  air  around  its  entire 
periphery.  Because  of  the  fact  that  the  frame 
is  held  together  by  means  of  a  riveted  con- 
struction, the  motor  will  be  known  as  the  riv- 
eted frame  type.  The  cast-iron  ribs  which  are 
used  with  the  ordinary  induction  motors  are 
entirely  done  away  with  and  thereby  all  metal 
is  used  to  much  higher  efficiency  than  ever  be- 
fore attained  in  induction  motor  design. 


IT  would  be  dangerous  to  attempt  to  operate  a 
hoisting  engine  in  lowering  a  bucket,  skip, 
or  cage,  depending  wholly  on  the  air  com- 
pressed in  the  engine-cylinder  by  the  recipro- 
cal movement  of  the  piston  to  act  as  a  brake 
without  any  other  means  of  control.  Engines 
are  made  having  auxiliary  cylinders  set  tan- 
dem with  the  engine  cylinders  and  connected 
with  the  air-receiver  of  a  compressor,  but  this 
style  of  brake  arrangement  has  not  become 
popular  as  yet.  The  best  type  of  hoisting-en- 
gine control  is  the  post-brake,  though  many 
believe  the  band-brake  and  the  end-friction 
brake  are  equally  safe.  Some  large  hoisting 
engines  have  steam-brakes  which  are  usually 
set  unless  the  steam  is  shut  off.  These  brakes 
operate  automatically. 


4238 


COMPRESSED     AIR. 


THE  KONOMAX  ROCK  DRILL. 

The  "Johannesburg  Star"  of  a  recent  date 
gives  particulars  of  a  new  drill  now  working 
on  the  Village  Main  Reef,  as  follows:  "The 
'Konomax'  drill  is  so  styled  because  it  gives 
the  maximum  economy  in  power.  It  uses  con- 
siderably less  air  per  blow  than  any  other  rock 
drill,  while  at  the  same  time  the  blow  is  none 
the  less  powerful— in  fact,  it  is  more  power- 
ful. The  blow  is  obtained  from  a  piston  stroke, 
during  the  whole  of  which  the  full  air-pressure 
is  maintained  as  the  driving  force,  and  as,  ow- 
ing to  the  shortness  of  the  exhaust  passage, 
back-pressure  is  reduced  to  a  minimum,  it  will 
readily  be  seen  that  no  other  drill  with  the 
same  size  driving  piston  can  be  quite  as  power- 
ful. 

"The  economy  in  compressed  air  is  effected 
by  utilizing  the  property  of  expansion  on  the 
return  stroke.  The  degree  of  expansion,  and 
therefore  the  extent  of  economj',  is  only  limited 
by  freezing  difficulties.  In  the  'Konomax' 
drill,  however,  an  expansion  of  3  to  i  has  been 
attained,  this  being  due  to  two  facts:  (i)  To 
the  simplicity  of  the  exhaust  arrangements, 
which  allow  any  particles  of  ice  which  may 
form  to  be  quickly  and  safely  evacuated.  The 
valve-box  is  situated  at  the  front  end  of  the 
cylinder,  and  allows  a  perfectly  straight  and 
practically  unobstructed  exhaust.  (2)  The 
apparatus  is  itself,  to  a  great  extent,  a  re- 
heater. 

"The  piston  itself  consists  of  two  portions 
of  different  diameters,  working  in  a  corre- 
sponding double  cylinder.  The  rear  cylinder  is 
considerably  the  smaller  and  is  in  constant 
•  and  uninterrupted  communication  with  the 
maximum  air-pressure  in  the  mains.  The  front 
cylinder,  in  which  the  larger  piston  effects  the 
.return  stroke,  is  under  pressure  as  regulated 
by  the  admission  and  cut-off  air  controlled  by 
the  varying  position  of  the  piston.  The  cut- 
off is  arranged  so  as  to  give  the  requisite  ex- 
pansion and  economical  working  of  the  driv- 
ing-fluid. 

"One  advantage  of  the  very  greatest  import- 
ance, which  has  been  alluded  to.  results  from 
the  fact  that  no  fluid-distributing  device  is 
employed  in  connection  with  the  rear  end  of 
the  cylinder,  so  that  the  operating  valve  is 
enabled  to  be  located  at  the  cylinder  head,  and 
the  ports  governed  by  the  valve  can,  therefore, 
be  made  very  short  and  practically  straight. 
The  weight  of  the  'Konomax"  drill  compares 


very   favorably   with   that   of   any   other   rock 
drill  of  the  same  power. 

'The  handiness  of  the  'Konomax'  drill  is 
much  superior  to  that  of  any  other  rock  drill, 
owing  to  the  fact  that  the  short  starting 
strokes,  incidental  to  the  commencement  of  a 
hole,  are  obtained  with  the  piston  at  the  front 
end  of  the  stroke.  Any  practical  rock  drill  man 
will  appreciate  this  great  advantage  over  the 
ordinary  drill,  in  which,  to  obtain  the  short 
strokes,  it  is  compulsory  to  have  the  piston  at 
the  rear  of  the  cylinder,  thus  involving  subse- 
quent 'racking  back'  to  lengthen  the  stroke. 
With  the  'Konomax'  drill  the  necessity  of  the 
'racking  back'  is  avoided,  as  the  maximum 
length  of  stroke  can  be  instantly  obtained." 


Construction  work  for  the  completion  of 
the  American  Pneumatic  Service  system  in  the 
City  of  New  York  was  recently  begun.  The 
present  contract  calls  for  25  miles  of  double 
lines  of  eight-inch  tubes  connecting  the  Gen- 
eral PostofBce  (including  the  present  system) 
with  the  Produce  Exchange,  Wall  street,  Mad- 
ison square  and  Grand  Central  station  at  42d 
street,  thence  extending  north  as  far  as  125th 
street.  The  lines  over  the  Brookh'n  Bridge  to 
the  Brooklyn  Post  Office  are  to  be  still  further 
extended,  under  the  new  appropriation  bill 
passed  by  the  House  of  Representatives,  be- 
tween three  and  four  miles.  This  will  make 
the  total  s\'stem  in  Greater  New  York  over  29 
miles  of  double  tubes. 

The  service  in  Boston,  Chicago  and  St.  Louis 
is  pronounced  an  ideal  one  b}'  the  postal  offi- 
cials in  these  different  cities  and  permits  of 
local  distribution  and  train  connection  simply 
unattainable  by  any  other  means,  and  this  rapid 
despatch  in  their  judgment  is  largely  accounted 
for  by  this  great  new  facility. 


AGAIN  a  workman,  this  time  in  the  Home- 
stead Steel  Works,  has  been  killed  by 
compressed  air  being  forced  into  his 
body  by  a  joking  fellow- workman.  It  would 
seem  to  be  wise  for  the  makers  of  compressed 
air  tools  to  suggest  to  every  customer  that  he 
have  notices  posted  about  the  works  stating  the 
danger  of  playing  with  or  perpetrating  practical 
jokes  with  compressed  air,  and  that  when  these 
notices  have  been  duly  posted,  those  who  con- 
tinue to  play  with  it  should  be  held  legally 
responsible  for  the  consequences  of  their  acts. 
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COMPRESSED  AIR  FORGES. 

Although  the  great  power  and  adaptability 
of  compressed  air  have  been  known  for  a  long, 
time,  new  applications  have  been  produced 
very  slowly.  Only  recently  the  Buffalo  Forge 
Co.  of  Buffalo,  N.  Y.,  has  perfected  attach- 
ments for  the  use  of  compressed  air  in  produc- 
ing the  blast  in  its  portable  riveting  forges. 

One  such  application  is  shown  by  accompany- 
ing Fig.  I.  In  this  design  the  air  is  admitted 
by  a  needle  valve  through  two  brass  nozzles 
into  a  cast-iron  mixer  nozzle,  and  thence  direct 
into  the  tuyere.  By  the  use  of  this  needle 
valve   the  volume  of   air   furnished   is   varied 


FIG.    2.-"BUFFALO"     COMPRESSED-AIR 
FORGES. 

without  affecting  the  pressure,  and  by  such 
compounding  as  shown  the  volume  of  air  re- 
quired is  reduced  by  one-half. 

Another  application  in  which  the  compressed 
air  acts  directly  upon  the  blast  fan  of  the  forge 
is  shown  by  Fig.  2. 

Extensive  e.xperiments  show  great  economy 
in  using  the  jet  of  air  direct  into  the  tuyere  as 
described  above,  e.  g.,  it  takes  one-ninth  the 
amount  of  air  to  operate  a  forge  in  this  man- 
ner that  it  does  to  operate  the  fan  forge  with 
compressed  air  (Fig.  2),  and  it  takes  one- 
fortieth  as  much  as  it  does  to  operate  the  free- 
air  forge  with  an  ordinary  blower.  The  pres- 
sure required  is  not  high ;  in  fact,  very  low 
pressures  have  been  used  advantageously. 

The  wide  application  of  these  forges  for  use 
on  bridge  and  building  construction,  large  rail- 


road and  repair  shops,  and,  in  fact,  wherever 
compressed  air  is  available,  must  be  apparent 
to  all,  and  the  saving  of  time  and  labor  in  their 
usage,  as  well  as  the  ease  with  which  they  may 
be  connected  by  a  small  hose  to  the  compressed 
air,  should  appeal  to  users  everywhere. 


FIG. 


-"BUFFALO"     COMPRESSED-AIR 
FORGES. 


Although  the  Buffalo  Forge  Co.  makes  both 
forges  mentioned  above,  it  recommends  the 
compound  compressed  air  operated  on  the  in- 
jector principle  (Fig.  i)  because  of  greater 
simplicity,  economy  and  more  rapid  heating. 


The  De  La  Vergne  IMachine  Co..  New  York 
City,  are  installing  at  the  E.  &  G.  Brooke  Iron 
Company's  plant,  Birdsboro,  Pa.,  refrigerat- 
ing machinery  of  350  tons  capacity,  to  be  used 
in  drying  the  air  blast  for  their  furnaces.  Much 
interest  has  been  aroused  among  blast  fur- 
nace men  by  this  new  method  in  which  the  air 
is  passed  over  coils  of  pipe  containing  cold 
brine  or  ammonia.  Part  of  the  moisture  con- 
tained in  the  air  is  deposited  on  these  pipes, 
the  part  remaining  being  practically  constant 
so  that  the  humidity  of  the  blast  is  uniform. 
Among  other-  important  benefits  derived  from 
using  a  dry  air  blast  of  uniform  humidity  are 
improvements  in  the  quality  of  iron  and  great- 
er economy  and  efficiency  in  the  operation  of 
the  furnace.  Messrs.  Frank  C.  Roberts  &  Co., 
Philadelphia,  Pa.,  are  the  engineers. 


JAPANS    GROWING    INFLUENCE 
IN  CHINA. 

Mr.  Eraser,  the  British  counsul-general  at 
Hankow,  warns  the  British  public  that  the 
present  foreign  trade  of  Great  Britain  with 
China  will  only  be  maintained  with  the  ut- 
most difficulty.  The  spirit  of  opposition  to 
foreign  enterprise  in  the  country,  he  says,  is 
now    manifesting   itself   among   all    classes   of 
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the  Chinese  people  after  a  fashion  that  does 
not  admit  of  two  interpretations.  The  foreign- 
er from  the  West  is  to  no  longer  enjoy  the 
privileged  position  in  regard  to  land  conces- 
sions or  trade  facilities  to  which  he  has  so 
long  been  accustomed.  Japan  appears  to  figure 
considerably  in  thi?  change  of  things.  The 
Chinese  former  dislike  for  the  Japanese,  ac- 
cording to  Consul  Fraser,  has  been  trans- 
formed into  keen  admiration,  and  the  latter 
has  now  the  advantage  not  only  of  his  geo- 
graphical position,  but  of  his  kinship  and  sim- 
ilarity in  thought  and  custom,  which  particu- 
larly fit  him  for  penetrating  into,  the  interior 
and  pushing  his  wares  in  the  shops  and  towns 
and  villages  of  China  whence  no  one  ever  vis- 
its a  treaty  port. 


P 


RACTICAL  ITEMS  for 
PRACTICAL  MEN. 


NEW  PROCESS  OF  TURNING  ORE 
INTO  IRON  AND  STEEL. 

D.  H.  Ross,  Canadian  commercial  agent  at 
Melbourne,  reports  that  two  Australian  in- 
ventors have  discovered  a  new  process  for  the 
continuous  treatment  of  iron  pre.  and  he  says 
that  the  results  they  have  achieved  are  so 
successful  that  the  process  is  to  be  exploited 
throughout  the   world. 

It  is  called  the  Heskett-^Ioore  process  for 
directly  converting  iron  ore  into  malleable 
iron  or  steel  by  a  continuous  system,  and  it  is 
claimed  effects  a  saving  of  25  per  cent,  in  the 
manufacture.  The  ore  is  simply  concentrated 
by  ordinary  methods,  or  if  it  is  magnetic  it  is 
separated  electrically  until  the  pure  oxide  of 
iron  is  obtained.  The  oxide  of  iron  is  passed 
through  a  revolving  cylinder  heated  by  waste 
gases  from  subsequent  operations  and  brought 
in  that  cylinder  to  a  dull  read  heat.  It  drops 
from  the  cylinder  to  a  second  similar  cylinder, 
and  in  the  latter  it  is  brought  into  contact 
with  the  deoxidizing  gas,  which  is  forced 
through  and  brought  into  contact  with  the 
heated  ore.  The  heated  ore  is  thus  converted 
into  a  pure  iron.  Accompanied  by  and  pro- 
tected by  the  deoxidizing  gas.  it  is  passed  into 
a  third  chamber  or  melting  hearth,  where  it 
falls  into  a  bath  of  molten  iron  and  is  con- 
verted directly  into  steel  or  balled  up  as  mal- 
leable iron. 

The  savings  claimed  for  the  process  are  those 
of  time,  labor — the  whole  process  being  auto- 
matic— fuel,  and  avoidance  of  fiux.  The  in- 
ventors claim  that  they  have  discovered  a  di- 
rect method  of  producing  steel  from  one  oper- 
ation instead  of  using  the  blast  furnace  and 
converter. 


THE   following  data   relating  to  water  will 
be   found   useful   in  making  calculations 
for  the  capacity  of  pumps : 
Cubic  feet  y,  62  =:  pounds. 
Pounds  -^  62  =  cubic  feet. 
Gallons  X  8.33  =  pounds. 
Pounds  X  0.12  =  gallons. 
Cubic  feet  X  7-5  =  gallons. 
Gallons  X  0.134  =  cubic  feet. 
These  figures  will  vary  slightly  for  different 
temperatures,  but  are  sufficiently  accurate  for 
ordinarv  use. 


In  general  underground  work,  the  use  of 
iron  columns  or  bars,  to  which  the  rock-drill 
is  fastened  by  clamps,  slips,  etc.,  is  decidedly 
the  best.  The  use  of  the  single-screw  bar  or 
column  in  stopes.  drifts,  etc.,  of  small  dimen- 
sions is  preferable.  In  large  excavations  the 
double-screw  column,  with  swinging  arm  up- 
on which  the  machine  is  mounted,  is  good, 
and  has  many  valuable  advantages  auxiliary 
to  cheap  mining. 


Cylinder  cooling  in  the  alcohol  engine  is 
considerably  simplified  as  compared  with  cool- 
ing the  cylinder  of  a  gas  or  other  type  of  in- 
ternally fired  engine  by  the  fact  that  the  flame 
of  burning  alcohol  radiates  heat  less  rapidly 
than  that  of  gasolene  or  other  internal-com- 
bustion fuels.  Consequently  less  of  the  heat 
of  combustion  is  communicated  to  the  cylinder 
walls  to  be  removed  by  the  cooling  jacket. 


The  most  efficient  way  of  dealing  with  scale 
is  to  prevent  it  from  entering  the  boiler,  which 
may  be  done  by  passing  the  water  through  a 
purifier.  Here  the  water  comes  in  contact  with 
either  exhaust  steam  or  live  steam  from  the 
boiler  and  its  temperature  is  raised  until  the 
carbonates  and  sulphates  are  precipitated.  The 
water  then  passes  on  to  the  boiler  while  the 
scale  stays  behind  in  the  purifier,  from  which 
it  may  be  removed  without  trouble.  What 
scale  gets  into  the  boiler  may  be  removed  by 
blowing  off. 


To  obtain  a  private  water  supply  a  deep 
well  is  often  driven  until  a  sufficient  quantity 
is  obtained.  As  the  well  is  driven,  an  8-in. 
pipe  is  sunk  to  form  the  casing.  When  the 
water-pocket  has  been  reached  the  water  will 
usually  rise  and  stand  in  the  pipe  several  hun- 
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dred  feet  above  its  bottom,  and  the  amount  of 
water  that  can  be  usually  pumped  from  such 
wells,  without  lowering  the  water,  is  practical- 
ly unlimited.  The  cost  of  drilling  deep  wells 
per  foot  of  depth  including  the  casing,  is  for 
a  well  with  S-in.  casing,  $4.50  per  foot. 


should  be  used  to  draw  the  steam  and  water 
through  the  pipes. 


Pneumatic  locomotives  are  employed  in 
some  of  the  large  German  collieries.  The  en- 
gine is  constructed  like  an  ordinary  steam  lo- 
comotive. An  air-storage  tank  takes  the  place 
of  the  boiler.  The  air  is  stored  under  press- 
ure varying  from  700  to  1,000  lb.  per  square 
inch.  In  some  of  the  engines  the  air  passes  in- 
to an  auxiliary  reservoir  before  entering  the 
cylinders.  The  air  pressure  is  reduced  to 
about  150  lbs.  per  square  inch  before  entering 
the  engine  cylinder.  The  air  is  used  expan- 
sively by  means  of  the  Stephenson  link-motion 
gear.  This  system  of  underground  haulage  is 
cheaper  and  handier  than  rope  haulage,  and  it 
is  thoroughly  safe  and  reliable. 


In  a  wet  mine,  where  a  shaft  is  not  con- 
veniently available  and  it  is  desired  to  clear  the 
workings  of  water,  a  bore  hole  may  be  driven 
to  the  surface  of  the  water  and  a  pipe  driven 
far  enough  beyond  to  secure  proper  sub- 
mergence ;  the  water  can  then  be  lifted  by 
means  of  compressed  air.  The  expense  of 
driving  a  shaft  is  thus  saved  and  the  water 
lifted  at  a  comparatively  low  cost. 

Compressed  air  is  still  more  extensively 
used  than  electricity  as  the  motive  power  for 
coal-cutting  in  Great  Britain.  In  1905  there 
were  555  compressed-air  machines,  while  only 
355  electric  machines  were  in  use.  However, 
the  latter  are  making  greater  strides  than  the 
former,  for  out  of  the  year's  increase  in  the 
number  of  machines  in  use,  85  were  driven  by 
electricity  and  70  by  compressed  air. 


The  principal  causes  of  loss  in  steam  plants 
are  the  use  of  engines  which  are  overloaded, 
undersized  or  badly  arranged  steam  and  ex- 
haust pipes,  and  imperfect  condition  and  poor 
operation  of  boilers.  In  many  plants  exhaust 
steam,  which  might  be  utilized  for  heating,  is 
wasted.  This  is  the  most  economical  use 
which  can  be  made  of  it;  but  if  the  back  press- 
ure be  raised  excessively  to  force  the  steam 
through  the  pipes,  this  advantage  may  be  lost. 
To  obviate  this  a  vacuum  system,  taking  only 
a   small    amount   of   power   for   its   operation. 


The  rate  of  air  flow  under  a  given  pressure 
difference  is  proportional  to  the  density  or 
specific  gravity  of  the  fluid.  A  pressure  of 
I  oz.  per  sq.  in.  will  create  in  the  case  of 
water  only  a  sluggish  stream.  In  the  case  of 
air,  which  is  more  than  a  thousand  times  light- 
er, the  velocity  will  be  as  high  as  a  mile  a 
minute.  For  ventilation,  this  pressure  and 
velocity  are  seldom  exceeded,  and  efficiency 
of  movement  is  sought  in  their  reduction  to 
the  minimum  consistent  with  the  cost  of  the 
passage  or  conduit  of  greater  area. 


The  rock-drill  that;,  performs  the  most  work 
in  the  shortest  time,  at  the  lowest  cost  and 
consumption  of  air,  and  whose  parts  will  stand 
the  roughest  usage,  wear  longest  and  are  the 
least  expensive  to  replace  is  the  best  machine 
to  choose.  The  matter  of  first  cost  is  not 
worthy  of  consideration,  because  an  inferior 
rock-drill  is  a  source  of  constant  expense  and 
serious  loss,  and  when  discovered  should  be 
immediately  thrown  out  on  the  scrap  heap. — 
Engineering  and  Mining  Journal. 


A  new  compound  for  pipe  joints  has  been 
introduced  in  France.  It  is  free  from  all  the 
inconveniences  of  red  lead.  The  new  putty 
is  composed  of  zinc  graj'  and  a  Chinese  vege- 
table oil  utilized  in  England  for  manufacture  of 
linoleum  and  some  kinds  of  varnish.  The  ma- 
terial hardens  completely  at  150  deg.  C,  and  at 
no  deg.  C.  in  six  hours.  This  putty  is  said 
to  be  cheaper  than  red  lead,  and  is  of  less  den- 
sity. 


The  air  compressor  and  the  rock  drill  have 
accomplished  as  much  for  the  quarrymen  as 
the  magnetic  needle  did  for  the  mariner  or  the 
tabulation  of  multiplication  for  the  arithme- 
tician. It  has  simply  made  easy  what  was 
before  the  impossible,  and  the  end  is  not  yet, 
for  the  improvements  of  pneumatic  tools,  for 
every  branch  of  the  stone  industry  are  still  ad- 
vancing apace.  It  is  indeed  interesting  to  talk 
to  the  old-time  quarryman  who  recalls  the  day 
when  blasting  was  the  only  means  for  loosen- 
ing the  stone  (with  nearly  every  shot  wasting 
fully  70  per  cent,  of  the  ledge  broken  off)  and 
hear  him  relate  vividly  the  actual  comparison 
with  modern  quarry  methods. — Rock  Products. 


4242 


COMPRESSED     AIR. 


CHIPPINGS. 


EXOS  Ayres,  son  of  the  well-known  mining 
expert,  H.  R.  Ayres,  deceased,  has  joined 
the  Traylor  Engineering  Co.,  as  Engineer 
Salesman  in  the  New  York  City  district. 

Mr.  H.  R.  Ayres,  during  his  lifetime,  was 
known  all  over  the  Southwest  as  being  one 
of  the  most  successful  and  learned  mining 
men  in  that  part  of  the  country,  and  his  state- 
ment was  enough  to  decide  the  method  of 
treatment  necessary  for  the  recovery  of  all 
values  possible  from  dififerent  characters  of 
ores. 

Mr.  Enos  Ayres  has  had  the  benefit  of  his 
father's  training  besides  •serving  an  appren- 
ticeship in  various  mines  and  mills  of  Colo- 
rado and  Utah.  Mr.  Ayres  has  had  the  ad- 
vantage of  a  technical  education,  and  is  thor- 
oughly competent  to  advise  mining  men  as  to 
what  character  of  plant  or  machinery  will  suc- 
cessfully treat  their  ores. 

Mr.  Ayres  will  make  his  headquarters  at  the 
Company's  offices,  No.  114  Liberty  Street,  New 
York. 


The  shovel  used  in  excavating  the  mass  of 
the  material  removed  in  building  the  tunnel 
for  the  new  Union  station,  at  Washington,  D. 
C,  is  operated  by  compressed  air.  By  the  use 
of  these  appliances  all  smoke  and  gases  are 
avoided,  allowing  the  workmen  to  perform 
their  labors  under  the  most  favorable  condi- 
tions without  adding  materially  to  the  cost  of 
construction.  The  remainder  of  this  work 
consists  of  cut  and  embankment,  with  bridges 
over  the  intersecting  streets.  At  the  present 
rate  of  progress  this  work  will  be  completed 
ready  for  use  by  the  end  of  the  year,  though 
it  has  not  been  definitely  decided  when  it  will 
be  put  in  service. 


'Jhe  object  of  piston  valves  originally  was 
to  take  the  place  of  large  slide  valves  which 
could  not  be  made  tight  and  were  therefore 
ineffective.  In  action  the  piston  valve  de- 
creases the  friction  and  increases  the  port; 
opening  for  the  same  space  occupied  by  the 
valve.  A  typical  shape  of  a  piston  valve  is  a 
D  slide  valve  wrapped  in  the  form  of  a  cylin- 
der. 


LIQUID  AIR  HIGHBALLS. 

A  story  comes  from  London,  by  way  of  a 
special  cable  to  the  New  York  Sun,  of  liquid 
air  as  a  substitute  for  ice  in  the  concoction  of 
cooling  beverages.  The  process  of  liquifying 
air,  it  'seems,  has  been  so  cheapened  that  it  can 
be  supplied  for  $1.25  a  gallon,  and  a  method 
of  keeping  it  in  a  vacuum  for  seventeen  hours 
has  been  devised.  It  is  stated  that  a  few 
drops  in  a  highball  will  dance  about  like  dia- 
monds, give  out  a  white  mist,  form  into  min- 
ute lumps  of  ice,  and  finally  dissolve.  The 
process  takes  about  two  minutes,  at  the  end 
of  which  time  the  drink  is  deliciously  cool. 
Patrons  of  the  bar  are  advised,  however,  to 
wait  for  the  liquid  air  to  evaporate,  lest  the 
consequences  be  "pathetic"  for  themselves  and 
"humorous"  for  the  spectators.  We  should 
imagine  that  "tragic"  and  "shocking"  would 
better  fit  the  supposed  situation.  The  stuff  if 
something  that  cannot  be  fooled  with  to  any 
great  extent,  being  a  candidate  for  honors  with 
the  buzz  saw  and  the  X-ray  as  resenters  of 
undue  familiarit}'.  Still,  liquid  air,  cautiously 
handled,  may  yet  come  into  prominence  as  a 
club  with  which  to  smite  the  extortionate  ice 
trust. 


RAIL  PRODUCTION. 

An  interesting  review  of  the  world's  rail 
production  appears  in  the  last  issue  of  En- 
gineering. It  shows  that  the  annual  rail  pro- 
duction throughout  the  world  is  now  estimated 
at  7,250,000  tons.  In  this  aggregate  American 
rails  figure  for  3,500,000  tons,  British  rails  for 
1,000,000  tons,  German  rails  for  i,ooo,(3oo  tons, 
Belgian  rails  for  350,000  tons,  Russion  rails 
for  500,000  tons,  and  French  rails  300,000  tons. 
The  odd  600.000  tons  are  made  in  Canada, 
Italy,  Spain,  Japan,  China,  Austria,  &c.  Even 
now  it  is  by  no  means  certain  that  the  max- 
imum output  has  been  attained,  as  many  coun- 
tries are  still  developing  their  means  of  produc- 
tion. Our  contemporarv  points  out  that  during 
fourteen  years  ending  1S94  the  United  States 
trebled  their  rail  output.  The  rail  production 
of  Germany  was  also  doubled  in  the  same 
period;  but  this  did  not  prevent  Canada,  Italy, 
Japan,  Austria,  &c.,  from  making  rapid  pro- 
gress in  the  same  direction.  The  greatest  con- 
sumption of  rails  appears  likely  to  be  now  wit- 
nessed in  Canada,  British  India,  Australasia, 
and  Africa.  Russia  has  by  no  means  com- 
pleted  her  railway  network;   she  has  a  terri- 
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tory  double  that  of  the  United  States,  and  her 
population  exceeds  that  of  the  United  States 
by  some  70  per  cent.  But  the  political  and 
economic  condition  of  the  Tsar's  empire  is 
just  now  by  no  means  calculated  to  encourage 
fresh  Russian  railway  enterprise.  China  will 
probably  be  a  large  consumer  and  possibly  also 
an  important  producer  of  rails,  as  the  Chinese 
authorities  are  giving  considerable  attention  to 
the  work  of  railway  establishment.  The  same 
may  be  said  of  Japan. 


PUMPS  IN  FRANCE. 
Demonstration  Needed  to  Secure  Sales. 

Consul-General  Robert  P.  Skinner,  of  ^lar- 
seille,  reports  that  he  has  received  requests 
from  many  correspondents  in  the  United 
States  for  names  of  first-class  firms  in  France 
who  might  be  induced  to  take  a  general  agency 
for  American  pumps  and  hydraulic  machinery. 
The  consul-general  writes : 

There  are  a  number  of  such  firms  in  this 
city,  and  I  have  communicated  directly  with 
several  of  them. 

In  each  case  it  turns  out  that  these  houses 
already  represent  either  American  or  French 
pumps,  and  therefore  have  no  disposition  to 
take  on  any  other  competing  line.  They  could 
be  interested,  therefore,  only  if  the  American 
manufacturers  visited  this  city,  and  demon- 
strated the  superiority^  of  their  particular 
pumps.  To  discover  properly  equipped  firms 
or  individuals,  not  already  engaged  in  this 
business,  without  the  special  knowledge  which 
only  manufacturers  possess,  is  exceedingly  dif- 
ficult. 

The  information  obtained  in  this  connec- 
tion merely  confirms  statements  frequently 
made  heretofore,  namely,  that  attempts  to 
build  up  an  export  business  by  correspond- 
ence and  without  the  introduction  of  the  per- 
sonal element  in  the  initial  stages  are  rarely 
satisfactory.  If  my  correspondents  should 
visit  this  city,  inspect  local  stocks,  and  visit 
innumerable  firms  and  individuals  whom  I 
might  mention,  it  is  altogether  probable  that 
results  would  follow,  but  by  an  exchange  of 
letters  a  successful  issue  is  far  less  probable. 
There  is  a  considerable  demand  for  pumps  on 
the  part  of  shipbuilders  at  La  Seyne  and  at 
Port  de  Boue,  where  the  shipbuilding  plants 
are  located.  In  the  city  special  pumps  are  re- 
quired by  manufacturers  of  chemical  products 
and   acids.     Manufacturers   of  oils    and   soaps 


are  also  buyers  of  large  pumps,  the  price  of 
which  approximate  $579  put  in  place,  this 
statement  being  too  vague,  of  course,  to  con- 
vey any  real  information.  There  are,  further- 
more, in  this  region  numerous  coal,  lead  and 
bauxite  mines  and  stone  quarries,  in  all  of 
which  power  pumps  are  required.  As  several 
of  the  standard  American  pumps  are  already  on 
sale  in  this  market,  it  goes  without  saying  that 
other  American  firms  would  have  no  greater 
difficulties  in  overcoming  the  tariflf  rate  of  25 
francs  per  100  kilograms  ($4.82  per  220 
pounds)    on  ordinary  pumping  machinery. 


Some  large  steamers  are  now  being  built  to 
be  propelled  by  Curtis  steam  turbines.  The 
cruiser  Salem,  for  the  United  States  navy,  is 
420  ft.  long;  displacement,  3.750  tons;  design- 
ed speed,  24  knots ;  horse-power,  about  16.000, 
350  r.  p.  m.  The  Southern  Pacific's  Creole, 
415  ft.  8  ins.  long;  displacement.  10,160  tons; 
designed  speed,  16  knots ;  will  require  about 
8.000  h.  p. ;  revolutions,  about  250.  Her  tur- 
bine will  be  one-half  the  weight  of  engines. 


A  pecularity  about  the  farmers  of  Wuhu, 
China,  is  that  they  will  accept  in  payment  for 
rice  and  other  products  only  Spanish  dollars 
dating  back  to  the  last  decade  of  the  eighteenth 
and  early  nineteenth  centuries.  These  dollars, 
although  in  purity  no  better  than,  and  in 
weight  not  equal  to,  the  Mexican,  are  at  a  con- 
siderable premium,  which  fluctuates  almost 
daily.  '  It  is  believed  that  there  are  in  all 
about  4.000,000  dollars  in  the  province  of  Wu- 
hu, of  which  not  more  than  1.700,000  are  in 
circulation,  the  remainder  being  hoarded  by  the 
peasantry. 


There  are  several  ways  of  classifying  en- 
gines. They  may  be  classified  according  to  the 
style  of  cut-ofif;  positive  cut-off  engines  in 
which  the  steam  is  cut-off  at  the  same  point  in 
each  stroke  of  the  piston,  the  admission  of 
steam  from  the  steam  pipe  to  the  steam  chest 
being  controlled  by  the  governor;  adjustable 
cut-off  engines  in  which  the  point  of  cut-off 
can  be  adjusted  by  the  engineer  at  his  pleas- 
ure by  means  of  a  screw,  hand-wheel  or  reverse 
lever  as  in  the  case  of  a  locomotive ;  auto- 
matic cut-off  engines  in  which  the  governor 
controls  the  valve  gear  so  that  the  admission 
of  steam  direct  to  the  cylinder  is  governed  in- 
stead of  to  the  steam  chest  as  in  the  case  of 
the  positive  cut-off. 
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826,106.  FLUID-PRESSURE-OPERATED  TOOL. 
Charles  H.  Johnson,  Chicago  Heights,  III.,  as- 
signor, by  mense  assignments,  to  The  Pittsburg 
Pneumatic  Company,  Canton,  Ohio,  a  Corpora- 
tion of  New  Jersey.  Filed  July  24,  1902.  Serial 
No.   116,835. 


Claim. — In  a  fluid-pressure-operated  tool  of  the 
valveless  type,  the  combination  with  a  cylinder,  of  a 
reciprocating  piston  therein,  said  cylinder  having  mo- 
tive-fluid supply  and  exhaust  ports  and  passages  for 
automatically  terminating  the  stroke  of  the  piston 
relatively  to  the  cylinder  upon  the  piston  engaging  an 
object. 

826,249-  APPARATUS  FOR  SEALING  CANS, 
TARS,  AND  OTHER  PACKAGES  BY  ATMO- 
SPHERIC PRESSURE.  Charles  C.  Hovey, 
Bainbridge,  N.  Y.  Filed  July  15,  1905.  Serial 
No.  269,820. 
626,322.      AIR-BRAKE    SYSTEM.      D.wid    Felten, 


Parsons,   Kans. 
289,139. 


Filed  Nov.  25,   1905.     Serial  No. 


Claim. — In  an  air-brake  system,  a  regulating-valve 
comprising  a  casing  having  two  chambers  separated 
by  a  partition,  one  of  said  chambers  being  provided 
with  an  outlet-port,  a  stem  arranged  in  said  chambers 
and  sliding  through  said  partition,  a  diaphragm  ar- 
ranged within  the  other  chamber,  means  for  subject- 
ing the  diaphragm  to  pressure  on  its  side  adjacent  the 
partition,  a  sprmg  acting  on  the  opposite  side  of  the 
diaphragm  in  opposition  to  such  pressure,  means  for 
connecting  the  other  chamber  with  the  exhaust-port  of 
the  triple  valve,  and  a  valve  carried  by  the  stem  and 
ooerating  in  •  said  chamber  to  close  the  outlet-port 
therein. 

626,330.  AIR-CUSHIONING  HEEL  OR  PAD  FOR 
BOOTS  OR  SHOES.  Edward  N.  Haag,  West 
Philadelphia,  Pa.,  assignor  to  Ferdinand  H.  Duck- 


witz,  Philadelphia,  Pa.  Filed  July  27,  1905. 
Serial  No.  271. 39S. 
326,353.  COUPLING-RETAINING  MEANS  FOR 
METALLIC  HOSE.  Richard  B.  Paixton.  Will- 
iamsport,  Pa.,  assignor  of  one-third  to  Jacob  Hess 
Bailey,  Muncj%  Pa.,  and  William  Bailey,  Jersey 
Shore,     Pa.       Filed    Aug.     4,     1905.       Serial     No. 

S26,397.'''P-\EUMATIC  COUPLER.  Frederick  L. 
Wood,  Worcester,  Mass.,  assignor  to  The  Aeolian 
Company,  New  York,  N.  Y.,  a  Corporation  of 
Connecticut.  Filed  Oct.  28,  1905.  Serial  No. 
284,864. 

326,456.  ENGINE  FOR  ROCK-DRILLING  MA- 
CHINES. Cassius  M.  Walker,  Pueblo,  Colo., 
assignor  to  The  Walker-Moore  Rock  Drill  Manu- 
facturing and  Supply  Company,  Pueblo.  Colo.,  a 
Corporation  of  Colorado.  Original  application 
filed  Nov.  28.  1904.  Serial  No.  234,608.  Divided 
and  this  application  filed  April  i,  1905.  Serial 
No.    253,301. 


Claim. — The  combination  with  the  cylinder  of-  a 
rock-drilling  machine  and  with  its  ports  and  tapering 
valve-socket  closed  at  each  end,  of  a  tapering  valve 
fitted  to  said  socket,  provided  with  two  heads  and  an 
intervening  web,  the  ports  communicating  with  the 
space  between  the  heads,  a  chamber  beyond  the  larger 
head  of  the  valve,  a  port  in  said  head,  a  socket  in 
the  smaller  head  with  separated  shoulders  below  the 
same,  and  an  arm  with  a  head  fitted  to  said  socket  and 
extending  between  the  shoulders  to  have  a  limited  mo- 
tion independently  of  the  valve  for  rocking  the  lat- 
ter, substantially  as  set  forth. 

826,490.      TIRE.      James    H.    Swain,    Pittsburg,    Pa., 
assignor,    by   mense    assignments,    to    H.    M.    &    S. 
Armored    Tire    Company,    Incorporated,    Pittsburg, 
Pa.,    a    Corporation    of    Pennsylvania.      Filed   July 
25,    1905.      Serial   No.   271,184. 
826,530.      AUTOMATIC    FLUID-PRESSURE    REG- 
ULATOR.     RoLLO   R.   Bell.   Chickasha,   Okla..  as- 
signor of  one-half  to  Wilson  P.  Bell,  Ceres,  N.  Y. 
Filed  Jan.   29,    1906.     Serial   No.   298,488. 
826,555.       VALVE     FOR     ICE-MACHINES.       Fred- 
erick W.   Felsberg,  Dayton,   Ky.,  assignor  to  The 
Triumph  Ice  Machine  Company,   Cincinnati,   Ohio. 
Filed  Tune  14,   1905.     Serial  No.  265,150. 
826,612.    TIRE.    William  B.  Sawyer,  Riverside,  Cal., 
assignor   of   one-third  to   S.    G.   Armstrong,    River- 
side, Cal.     Filed  Dec.  5.   1905.     Serial  No.  290,461. 
826,623.    PNEUMATIC  TIRE.    James  A.  Swineh.\rt, 
Akron,    Ohio.      Filed    Oct.    25,    1905.      Serial    No. 
284,272. 
826,649.       CUT-OUT    VALVE     FOR     FLUID-COM- 
PRESSORS.     Niels    A.    Christensen,    Milwau- 
kee, Wis.     Original  application  filed  Sept.  9,   1899. 
Serial   No.    729,957.      Divided   and   this   application 
Dec.    II,   1899.     -Serial  No.   739,899. 


Claim. — A  cut-out  valve  for  compressors  comprising 
a  valve-casing  provided  with  a  valve-chamber  having 
an  inlet  from  the  compressor  and  also  having  an  out- 
let, a  valve  in  such  chamber  governing  the  communi- 
cation between  the  inlet  and  outlet,  a  screw-threaded 
body  arranged  to  screw  upon  the  inner  wall  of  the 
casing  and  upon  which  said  valve  is  rotatably  mounted, 
a  longitudinally-movable  stem  cooperating  with  said 
body  to  rotate  it,  and  a  collar  arranged  on  said  stem 
to  seat  upon  an  inner  wall  of  the  casing. 
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826,725.  MACHINE  FOR  DELIVERING  LIQ- 
UIDS. Alexander  I-'.  Hl-mphrey,  Allegheny, 
Henry  McCrory,  Wilkinsburg,  and  Frank  L). 
Saupp,  Jr.,  Pittsburg,  Pa.  Filed  June  7,  1905. 
Serial   No.   264,113. 

826,772.  AIR-SEPARATOR.  George  S.  Emerick. 
Philadelphia,  Pa.  Filed  Jan.  5,  1905.  Renewed 
May   26,    1906.      Serial    No.    318,831. 


Clain>. — In  combination,  in  an  air-separator,  an 
outer  casing,  an  auxiliary  chamber  joined  to  and  com- 
municating with  the  outlet  of  said  outer  casing,  an 
inner  casing  disposed  within  said  outer  casing,  and  a 
plurality  of  pipes  forming  a  connection  between  said 
auxiliary  chamber  and  said  inner  casing,  substantially 
as  and  for  the  purposes  described. 
826,780.      BRAKE-SETTING    DEVICE.      Ellsworth 

Godley.     Springfield,     111.       Filed    Feb.     16,     1906. 

Serial   No.   301,476. 


Claim. — In  a  pneumatic  tool,  a  barrel,  a  valve- 
casing  on  the  outer  side  thereof  parallel  therewith 
and  bored  out-  tubularly  from  the  head  end  of  the 
tool,  a  screw-plug  for  closing  said  casing  accessible 
from  the  head  end  of  the  tool,  an  automatic  piston- 
valve  in  said  casing,  three  passage-ways  from  said 
casing  to  the  main  bore  of  the  barrel,  combined  with 
a  second  casing  formed  transversely  at  the  head  of  the 
barrel,  an  admission-valve  in  such  second  casing,  a 
looped  handle  for  the  tool  formed  beyond  the  second 
casing,  means  conveniently  accessible  at  said  handle 
for  operating  the  admission-valve,  and  a  passage-way 
formed  along  the  wall  of  the  barrel  between  said  two 
casings,   substantiallv  as   described. 

826,833-  PNEUM.VTIC  action  for  MECHANI- 
CAL MUSICAL  INSTRUMENTS.  William  F. 
Cooper,  Norwalk,  Ohio,  assignor  of  one-half  to 
The  A.  B.  Chase  Co.,  Xorwalk,  Ohio,  a  Corpora- 
tion  of   Ohio.      Filed  June   10,    1905.      Serial    Xo. 

826,885."  ELASTIC-FLLID  TURBINE.  Richard  H. 
Rice,  Swampscott,  Mass.,  assignor  to  General 
Electric  Company,  a  Corporation  of  New  York. 
Filed   Tan.   23.    1906.      Serial   No.   297,396. 

826,927.  ELASTIC-FLUID  TURBINE.  James  W. 
Ferguson,  Sandusky,  Ohio.  Filed  May  9,  1906. 
Serial   No.   31;;. 072. 

826,941.        ELASTIC-FLUID 
Jl'nggren.    Schenectady,    N. 
eral     Electric     Company,    a 
York.     Filed   Tan.    2.    too6.  .     ,„ 

826,979.  VALVE-CONTROLLING  MECHANI.^M. 
Tames  Wilkinson,  Providence,  R.  I.,  assignor  to 
Wilkinson  Turbine  Company,  a  Corporation  of 
.Alabama.     Filed  Tulv  7..  loos-     Serial  No.  268.203. 

826,981.  VALVE  MECHANI?;M.  James  Wilkin- 
son, Providence.  R.  I.,  assignor  to  Wilkinson 
Turbine  Company,  a  Corporation  of  .\labama. 
Filed   Sept.   21.    1903.      Serial    No.   270.810. 

827,021.  AIR  AND  VACL^UM  MOTOR.  George 
W.  Johnson,  St.  Joseph,  Mo.  Filed  Jan.  23, 
1904.      Serial   No.    190,304. 

827,056.  MAIL  RECEn'ING  AND  DELIVERING 
MECHANISM  FOR  RAILWAYS.    Franklin  H. 


TURBINE.  Oscar 
v..  assignor  to  Gen- 
Corporation  of  New 
Serial   No.   204.295. 


BtRR,    Atlantic,    Iowa,    assignor    to    Railway    Mail 
Equipment   Co.,    Beresford,    S.    D.,    a   Corporation. 
Filed  Dec.    16,   1905.     Serial   No.  292,055. 
Claim. — In    a    delivery    mechanism    for    railway-cars, 
the  combination  of  a  delivering-frame  having  a  pivotal 
attachment    to     said    cars,     a    compressed-air-operating 
cylinder  having  a  piston  pivotally  attached  to  a  swing- 
ing operating-lever,  which  is  pivotally  attached  to  said 
cars,  and  to  said  delivering-frame,  and  means  for  auto- 
matically swinging  said  lever   whereby  said  delivering- 
frame  is  tilted  and  dumoed.  substantiallv  as  set  forth. 
827,060.      AUTOMATIC     SAFETY     DEVICE     FOR 
FLUID-COMPRESSORS.      James    W.     Dawson, 
San    Francisco,    Cal.,    assignor    of    two-twelfth    to 
George   Beagley.    San  Francisco,   Cal.     Filed  Dec. 
31,   1904.     Serial  No.  239,254. 
827,063.      AIR-BRAKE    APPARATUS.      Albert    H. 
Geltz,  Alliance,  and  Lee  L.  Hosack,  Youngstown, 
Ohio,    assignors   to   C.    B.    McLean,    Pittsburg,    Pa. 
Filed   -April    i.    :9o=i-     Serial    No.   253.342. 
827,341.     LIQUID-RAISING   APPAR.\TUS.     George 
R.  Young.  Ridgewood,  N.  J.,  and  Clifford  Shaw. 
New    York,    N.    Y.,    assignors    to    Bacon    Ah    Lift 
Company,  a  Corporation  of  New  Jersey.     Original 
application  filed  Feb.   i,   1899.     Serial   No.  704,104. 
Divided    and    this   application    filed   Jan.    18,    1902. 
.Serial   No.   90,292. 


Claim.  In  combination,  an  air-comprcssina  mechan- 
ism, an  uptake  for  liquid,  a  downtakc  air-pipe  con- 
veying air  from  the  compressor  to  the  said  uptake,  a 
pressure-supporting  scparating-chambcr  into  which  the 
said  uotakc  passes,  a  water-ilischarge  passage  leading 
from  the  scparating-chamber  and  discharging  against 
a  static  or  dynamic  resistance,  an  air-pipe  lea'ling 
from  the  saia  chamber  to  the  said  compressing  mech- 
anism, and  means  controlled  by  the  static  pressure 
of  the  liquid  in  said  chamber  for  introducing  addi- 
tional air  into  the  system. 


E  beg  to  announce  that 
during  the  early  part 
of  October  we  will  be 
ready  to  make  deliver- 
ies    of    f^olume     10 
of  "  Compressed  Air""  containing 
the  issues  from  March ^  1905^  to 
March ^  igo6. 

These  volumes  are  substantial- 
ly bound  in  black  cloth  with  gold 
lettering  and  are  invaluable 
records  of  the  new  uses  and  de- 
velopments of  compressed  air 
during  the  last  year. 

We  also  have  a  limited  supply 
of  bound  volumes  covering  a 
period  of  ten  years.  We  shall 
be  pleased  to  send  a  detailed  list 
of  such  volumes  together  with 
prices. 
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COMPRESSED    AIR    CURVES  AND 
TABLES. 


Writte.n  for  Compressed  Air    hv 

L.     L.    WiLLARD. 

The    formulae    for    calculating    the    horse- 
power required  to  compress  a  given  volume  of 
free  air  to  a  given  pressure  are : 
for  single  stage  H.  P. 
144  P,  Vi  n 


33000    ( 
for  two  stage  H 
144x2  P 


'f.  Kf  -  ■] 


.(0 


p.  = 


33000  ( 
for  three  stage  H.  P 


'^m'-] 


-I    1(2). 


144x3  Pi   V,   I 

33000  (n— I) 
for  four  stage  H.  P. 
144x4  P,  V,   I 
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.(3) 


(4) 


where 


O0< 


5 
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15 
20 
25 

30 
35 
40 
45 
50 

55 
60 
65 
70 
75 

80 
85 
90 
95 
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110 
115 
120 
125 

130 
135 
140 
145 
1.50 

155 

im 

165 
170 
175 

180 

185 
l'.K) 
i;t5 
•-1)0 


33000  (n— i) 

Pj  ^  atmospheric  pressure  taken  as 
14.7  lbs.  per  □". 

P2  =  finial  air  pressure  in  lbs.  per  J  " 
absolute. 

Vi  =  volume  of  air  at  P,  pressure  in 
cubic  feet  per  minute. 

n  =  exponent  of  the  compression 
curve,  taken  as  1.4  which  is  for 
adiabatic  compression.  This  will 
vary  from  1.2  to  1.4  depending 
on  efficiency  of  cylinder  jacket 
cooling. 

SINGLE  STAGE 


«         — 


19.7 
24.7 
29.7 
34.7 
39.7 

44.7 
49.7 
54.7 
59.7 
64.7 

69.7 
74.7 
79.7 
84.7 
89.7 

94.7 
99.7 
104.7 
109  7 
114.7 

119.7 
124.7 
129.7 
134.7 
139.7 

144.7 
149.7 
1.54.7 
l.".9.7 
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169.7 
174.7 
179.7 
1H4.7 
189.7 
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19'.».7 
2<I4.7 
209.7 
214.7 


v.«§ 


a, 

Ho 


1.34 
1.68 
2.02 

2.36 
2.70 

3.04 
3.38 
3.72 
4.06 
4.40 
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5.08 
5.42 
5.76 
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.0362 
.0.504 
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.1288 
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.1841 
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8.48 

.l'.H)8 

.219 

8.82 

.  1965 

.226 

9.16 
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.%n 

9.50 

.2045 

.235 

9.84 

.2085 

.240 

10.18 

.2135 

.245 

10.. 52 

.2176 

.249 

10  M»; 

.22-20 

.2.55 

11.20 

.22.55 

.259 

11.54 

.2300 

.-iCA 

11  8H 

.•an 

.267 
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.2361 

.271 

12.56 

.2408 
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.21KJ 

13.92 

.^5.50 

.293 

14.26 

.•2.-.65 

.296 

14.60 

.2r,<KJ 

.299 

4.50 
8.30 
11.51 
14.40 
17.00 

19.40 
21.65 
23.60 
25.50 
27.50 

29.10 
30.75 
32.30 
33.80 
35.18 

36.55 
37.90 
39.10 
40.35 
41.65 

42.30 
43.75 
45.16 
46  00 
47.05 

47.80 
48.85 
49  90 
.51.00 
51.70 

62.80 
53.40 
54  20 
.55.25 
56.. 50 


5.17 
9  56 
13.25 
16.55 
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42.00 
43.60 
44.  W 
46.35 

47.85 

48.60 
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67.00  65.65 

57  50  6«;.20 

58.26  67.00 

59.00  67. HO 

69.73  68.75 

—A.  L.  iVillarri 
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The  cj'linders  should  be  so  proportioned 
that  equal  work  will  be  done  in  each. 

For  frequent  use  this  formulae  is  inconve- 
nient, requiring  considerable  time  for  its  so- 
lution. For  giving  practically  the  same  re- 
sults the  author  has  plotted  the  curves  from 
values  found  by  above  formulae  which  will 
be  found  useful  to  any  one  calculating  the 
power  and  size  of  air  compressors.  The  tables 
are  self-explanatory  and  the  values  are  act- 
ual results.  While  the  curves  cannot  be  quite 
so  accurate,  they  show  very  clearly  the  effects 


give  a  flatter  curve.  The  horse-power  varies 
directly  as  the  weight  of  the  air. 

By  taking  the  first  values  in  the  horse-power 
formulae  and  dividing,  144-4-33,000,  we  obtain 
a  constant  .436,  which  if  divided  into  the  horse- 
power given  will  be  the  mean  effective  pres- 
sure developed  in  compressing  the  air. 

The  formula  for  calculating  the  temperature 
of  the  discharged  air  is 
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of  compounding  the  cylinders  and  the  saving 
in  power  and  decreased  temperature  resulting 
thereby. 

The  values  at  the  bottom  of  the  diagrams 
represent  the  air  pressure  in  pounds  per  square 
inch  to  which  the  air  is  to  be  compressed.  The 
values  at  the  extreme  left  are  the  horse-powers 
required  to  compress  the  air,  both  theoreti- 
cally and  with  allowance  for  friction  of  15  per 
cent. 

If  the  compressor  is  to  be  located  at  a  high 
altitude,  less  power  will  be  required,  and  Pi  in 
the  formula  becomes  less  than  14.7,  which  will 


where  T.,  ^  final     temperature    in   Fahrenheit 
degrees. 
Tj  =  temperature  of  intake  air  in  Fah- 
renheit degrees. 
P,  ==  final  air  pressure. 
Pj  =  atmospheric  or  intake  pressure, 
n     =  exponent    of    compression    curve 
curve  and  taken  as  1.4. 
The   pressures    and    temperatures   are    abso- 
lute and  must  be  subtracted  or  added,  as  the 
case  may  be,   to   14.7  pounds  and  460.7°.     In 
the  curves  and  tables,  Ti  is  assumed  as   70° 
and  that  the  air  is  cooled  to  70°  between  each 
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stage  of  compression.  As  the  cylinders  should 
be  proportioned  to  do  the  same  work  in  each, 
the  temperature  resulting  at  the  end  of  com- 
pression in  each  should  be  the  same. 

The  temperature  in  degrees  Fahrenheit 
will  be  found  inside  the  margin  on  the  left 
side  of  the  diagrams. 


weighing  on  the  surface,  and  the  loading  and 
unloading  of  the  cages  at  the  top  and  bottom 
of  the  shaft  being  automatically  effected  with- 
out a  hitch  during  this  period.  At  Garth  the 
appliance  is  worked  by  means  of  compressed 
air,  but  steam  can  be  used  and  the  details  var- 
ied in  many  ways.     As  applied  to   weighing, 


the 

operation  is  as 

follows : 
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AUTOMATIC      APPLIANCE       FOR 

STOPPING  AND  RE-STARTING 

MINE   CARS 

In  a  paper  read  recently  before  the  North 
of  England  Institute  of  Mining  and  Mechani- 
cal Engineers  Mr.  W.  Galloway  describes  an 
automatic  appliance  for  stopping  and  re-start- 
ing mine  cars.  This  appliance  has  been  in- 
stalled at  a  colliery  in  South  Wales,  and  suc- 
cessfully operated   for  more  than  a  year,  the 


The  a.xlcs  of  the  full  car,  running  at  any 
velocity  less  than  that  required  to  overturn 
it,  successively  depress  and  pass  over  a  pair  of 
catches,  which  immediately  rise  up  behind 
them.  No  sooner  is  the  hinder  axle  clear  of 
these,  than  the  front  axle,  coming  in  contact 
with  and  pressing  against  another  pair  with 
the  full  force  due  to  the  momentum  of  the 
car,  pushes  the  frame  of  the  appliance  and  its 
connections,  including  the  piston  within  a  com- 
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pressed  air  cylinder,  to  a  greater  or  less  dis- 
tance in  the  same  direction  from  a  few  inches 
to  a  foot,  according  to  the  greater  or  less 
velocity  at  which  the  car  has  been  moving. 
But  the  pressure  of  the  air  within  the  cylinder, 
now  acting  like  a  spring,  arrests  the  forward 
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motion  of  the  car  and  then  draws  it  back  until 
it  stands  directly  over  the  center  of  the  weigh- 
ing platform.  The  operation  of  weighing 
having  been  completed,  the  weigher  places  his 
foot  on  the  foot-plate,  and  thereby  opens  a 
valve  by  which  the  air-pressure  is  withdrawn 
from  the  right-hand  side  of  the  piston,  and 
the  latter,  together  with  the  frame,  is  pushed 
toward  the  right-hand  side  and  the  first  pair 
of  catches,  pressing  against  the  hinder  axle 
of  any  car  that  happens  to  be  in  front  of  them, 
drive  it  forward  at  a  greater  or  less  velocity, 


according  to  the  size  or  diameter  of  the  cyl- 
inder and  the  higher  or  lower  pressure  of  the 
air  acting  on  the  piston.  When  the  frame 
has  nearly  reached  the  end  of  its  intended  stroke, 
a  spring  fixed  to  the  weighing  platform  arrests 
the  forward  movement  of  the  rod :  the  second 
pair  of  catches  are  thereby  depressed,  and  the 
car  continuing  to  run  forward  after  the  frame 
has  come  to  a  standstill,  passes  over  them, 
and  proceeds  toward  its  destination.  As  soon 
as  the  hinder  axle  of  the  car  is  clear  of  the 
catches,  the  weigher  removes  his  foot  from  the 
foot-plate,  the  valve  closes  automatically,  the 
pressure  of  the  air  on  the  right-hand  side  of 
the  piston  is  restored  and  the  frame  is  drawn 
back  to  its  original  position,  ready  to  receive 
another  car.  The  rapidity  with  which  the 
frame  is  drawn  back  depends  on  the  area  of 
the  opening  of  a  valve.  The  frame  is  covered 
with  a  sheet  of  iron  to  prevent  coal  or  rubbish 
from  falling  into  its  interior,  and  the  only 
openings  in  it  are  those  through  which  the 
catches  project.  The  points  to  be  specially 
noted  are  that  the  moving  cars  are  arrested 
gently,  held  in  the  desired  position,  and  again 
discharged  with  the  required  velocity  without 
muscular  effort  on  the  part  of  an  attendant, 
and  that,  thereby,  a  substantial  saving  in  both 
time  and  labor  is  effected.  The  average  rate 
at  which  cars,  each  carrying  I  ton,  can  be 
stopped,  steadied,  weighed,  and  disposed  of  by 
this  apparatus  in  the  manner  described  is  six 
per  minute,  or,  more  accurately,  one  car  per 
9.58  seconds.  The  time  occupied  in  pushing 
a  full  or  empty  car  of  the  same  capacity  into- 
the  cage,  and  thereby  discharging  the  empty 
or  full  car  in  front  of  it,  is  about  3  seconds. 


A     LONDON     FIRE     WAGON     OF 

NOVEL    DESIGN 
Has  a  Sliding  Fire  Escape  and  Com- 
pressed Air  Plant  and  a  Speed  of 
31  Miles  per  Hour 

One  of  the  most  recent  acquisitions  of  the 
London  County  Council  Fire  Brigade  is  a_5& 
horse-power  gasoline  vehicle,  of  novel  design 
and  extreme  usefulness.  It  is  not  a  fire  en- 
gine, but  a  first-aid  appliance,  which  can  do 
much  toward  the  saving  of  life  and  property 
before  a  fire  has  fairly  got  hold  of  the  prem- 
ises. 

This  machine  carries  a  "sliding  carriage" 
fire  escape,  capable  of  reaching  to  the  height 
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of  55  feet  when  fully  extended,  and  it  has,  in 
addition  to  the  regulation  boxes  of  tools  and 
hose,  a  compressed  air  plant  for  extinguishing 
small  fires. 

This  latter  is  capable  of  throwing  a  jet  of 
water  under  a  pressure  of  150  pounds  per 
square  inch.  It  is  not  a  chemical  machine,  but 
simply  consists  of  a  cylindrical  water  drum  of 
60  gallons  capacity,  which  can  be  coupled  up 
to  a  steel  cylinder  containing  air  compressed 
to  about  2,000  pounds  per  square  inch.  There 
is  a  compressed  air  cylinder  on  each  side  of 
the  water  drum,  each  cylinder  being  approx- 
imately capable  of  discharging  the  drum  twice, 
and  the  drum  can,  of  course,  be  replenished 
very  quickly  from  the  nearest  hydrant.  The 
fire-escape  itself  is  mounted  so  that  it  can  be 
verj'^  rapidly  unshipped,  and  even  the  operation 
of  replacing  it  on  the  chassis  only  occupies 
about  thirty  seconds. 

Ordinary  semi-elliptic  springs  have  been 
used  for  the  suspension  of  the  chassis,  but 
shackles  have  been  abandoned  in  favor  of  slid- 
ing guide-blocks  for  attaching  the  ends  of  the 
rear  springs  to  the  frame.  When  fully  loaded, 
and  with  the  men  on  board,  the  total  weight 
is  about  4  tons  15  cwt.  It  has  a  wheel  base  of 
II  feet  6  inches,  and  measures  over  all  21 
feet. 

In  a  trial  run  recently  in  hilly  Kent,  over 
a  distance  of  about  50  miles,  the  results  were 
highly  satisfactory,  a  speed  of  31  miles  per 
hour  being  maintained  when  necessary  on  the 
up-grade. 


NOTES  ON  GREAT  TUNNELS. 


By  Lewis  M.  Haupt. 
Prof,  of  Civil  Engineering,  Franklin  Institute. 


Tunnels,  like  bridges,  are  engineering  de- 
vices for  overcoming  physical  obstacles  to 
traffic. 

Although  of  ancient  origin  their  recent 
great  development  is  the  outcome  of  the  de- 
mands of  modern  civilization  resulting  from 
the  increase  in  population  and  commerce. 

The  advent  of  railroads  in  1827  gave  an  im- 
petus to  the  building  of  tunnels  to  save  time, 
distance  and  grade  in  the  interchange  of  traf- 
fic. These  "horizontal  wells,"  as  they  were 
called,  were  excavated  by  hand  labor,  as  they 

*A  paper  read  before  the  Franklin  Institute,  revised 
for  publication. 


were  comparatively  short,  but  with  the  in- 
crease of  tonnage  and  demands  for  greater 
economy  in  cost  and  time,  more  pretentious 
enterprises  were  undertaken,  requiring  the  use 
of  machinery  and  power  for  their  completion. 
Thus  the  ingenuity  of  man  was  impressed  to 
meet  the  diflficult  requirements  of  providing 
an  unobstructed  passageway  through  moun- 
tains or  under  rivers  or  city  streets,  in  the 
least  time  and  at  a  moderate  cost. 

It  was  not  until  tunneling  machinery  was 
reasonably  perfected  that  long  tunnels  without 
shafts  became  at  all  practicable  for  transporta- 
tion, although  there  were  several  constructed 
at  enormous  w'aste  of  time  and  labor,  for  drain- 
age purposes. 

The  introduction  of  efficient  drills  may  be 
said  to  date  from  the  first  American  patent, 
issued  to  J.  J.  Couch,  March  27,  1851,  for  a 
reciprocating,  hollow  piston-rod,  working  in  a 
cylinder,  operated  by  steam,  but  it  had  a  con- 
stant feed  and  no  provision  for  the  rotation 
of  the  bit.  He  took  out  a  second  patent  No- 
vember 3,  1852,  for  some  improvements,  but  in 
the  meantime  Stuart  Guynn  was  busy  on  in- 
dependent lines  in  applying  the  same  idea  in  a 
practical  machine, — also  having  a  constant 
feed, — but  it  slumbered  from  1851  until  the 
contractor  of  the  Hoosac  Tunnel,  in  Massa- 
chusetts, Herman  Haupt,*  embodied  with  this 
hollow  piston-rod  an  automatic  feed  and  ro- 
tating device  which  produced  a  simple,  light 
and  effective  drill  capable  of  piercing  granite 
at  a  rate  of  one  inch  per  minute  and  weigh- 
ing only  about  125  pounds.  In  ordinary  shale 
the  speed  was  doubled.  It  was  estimated  that 
with  this  tool  a  progress  of  twelve  feet  per 
twenty-four  hours  could  be  made  at  a  cost  of 
$16.33  per  lineal  foot  of  single  track  (15x18), 
or  at  about  half  the  price  of  hand  work,  and 
with  four  times  the  speed. 

To  prevent  the  loss  of  time  in  clearing  the 
heading  from  the  debris  and  gases  incidental 
to  blasting — as  well  as  to  facilitate  the  drilling 
of  the  holes — a  system  was  devised  by  the  con- 
tractor whereby  the  drills  were  mounted  in 
series  of  three  or  four  on  columns,  which 
served  both  as  supports  and  feed  pipes  for 
power  (steam  or  compressed  air).  Thus 
mounted  the  drills  had  a  large  range  in  altitude 
or  azimuth.  The  jacks  for  clamping  the 
staunchions  in  position  and  the  ball  and  sock- 
et joint  at  the  bottom  of  frames  enabled  the 

*  Died  December  14.  IQOS- 
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bits  to  be  readily  changed  without  removing 
the  gang.  The  plant  also  included  a  low  coun- 
terpoised derrick  and  truck,  enabling  the  gangs 
of  drills  to  be  rolled  to  the  rear  of  the  head- 
ing, which  was  driven  at  the  bottom.  Pre- 
pared cartridges  were  placed  in  the  holes,  and 
held  b}'  a  plug,  wired  in  series,  and  discharged 
by  a  hand  battery,  simultaneously.  A  vacuum 
fan  and  conduit  laid  on  the  floor  soon  relieved 
the  heading  of  foul  gases,  and  the  drills  were 
rolled  forward,  set  up,  coupled  and  started 
without  awaiting  removal  of  debris.  To  pro- 
tect men  and  machinery  a  section  of  heavy 
timbers  laid  on  the  floor  was  hoisted  by  a 
bell-crank  lever  to  an  upright  position  to 
serve  as  a  screen  during  blasting.  These  sev- 
eral features  are  clearly  shown  in  Figs  i  to 
3,  which  also  illustrate  the  auxiliary  steam 
plant  with  tender,  when  that  motor  is  found 
to  be  more  expedient. 

Modification  of  this  pioneer  rock  drill  were 
made  by  Burleigh,  DeVolson  Wood,  and  oth- 
ers, to  adapt  them  to  the  ever  varying  re- 
quirements of  the  service,  and  have  led  to  the 
extensive  manufacturing  plants  of  the  Ingor- 
soll-Rand,  and  other  companies  for  supplying 
complete  outfits  of  tunneling  and  mining  ma- 
chinery now  in  common  use  for  all  classes  of 
excavations  in  hard  materials. 

The  contract  price  for  this  tunnel  was  $2.- 
000,000,  while  the  cost  was  $50  per  lineal  foot, 
or  for  the  full  length  nearly  $1,300,000.  It 
was  the  purpose  of  the  contractor  not  to  use 
a  shaft  but  to  drive  from  the  ends  on  a  rising 
gradient  and  ultimately,  when  the  traffic  in- 
creased sufficienth',  to  open  a  parallel  tunnel 
by  means  of  galleries  from  the  first,  at  fre- 
quent intervals,  thus  greatly  reducing  the  cost, 
improving  the  ventilation  and  avoiding  lining. 
The  State,  however,  saw  great  political  possi- 
bilities in  this  enterprise,  and  by  a  change  of 
administration,  during  the  civil  war,  its  con- 
trol was  assumed  by  the  Commonwealth,  the 
<limensions  were  changed  to  double  track,  a 
large  dam  built  for  power,  and  other  radical 
departures  made,  which  swelled  the  cost  to 
-about  $10,000,000,  or  five  times  the  amount  of 
the  original  contract.  A  shaft  was  sunk  1,028 
feet  in  depth,  which  was  of  little  use  in  ex- 
pediting the  work  and  was  of  doubtful  utility. 
This  Hoosac  Tunnel  of  five  miles  in  length, 
the  longest  in  the  United  States  at  the  time, 
was  simultaneous  with  that  under  Mt.  Cenis, 
where  a  compressed  air  plant,  operated  by 
water-power,    was    installed   by    Mr.    Sommel- 


lier,  the  experience  from  which  was  a  factor 
in  the  designing  of  the  plans  for  the  Hoosac, 
and  this  in  turn,  for  works  of  the  present  day. 
The  close  relations  of  the  several  long  rail- 
road tunnels  will  become  more  apparent  by  a 
brief  chronological  statement  of  their  statis- 
tics and  time  of  construction. 

I.      HOOSAC,    MASS. 

Work  w'as  commenced  in  1854  and  prose- 
cuted by  private  contractors  until  the  State 
took  possession,  September  4,  1862.  It  was 
enlarged,  and  completed  July  I,  1876,  when  it 
was  officially  accepted.  The  total  cost  of  the 
railroad  and  tunnel,  forty-four  miles,  was 
$17,322^019,  of  which  $3,287,835  was  interest. 
The  progress  was  greatly  accelerated  by  the 
introduction  of  power  drills,  1867,  and  of  nitro- 
glycerine, in  1870,  which  was  manufactured  by 
Geo.  W.  Mowbray,  in  the  vicinity  of  North 
Adams.  This  gives  an  average  progress  of  5.5 
feet  per  diem. 

2.      MT.    CENIS*      THE   ALPS. 

The  project  was  first  broached  by  Guisseppe 
Medail,  a  Swiss  peasant,  in  1838,  and  subse- 
quently, in  1852,  M.  Colladou  suggested  driv- 
ing it  by  the  use  of  compresed  air  drills,  oper- 
ated by  water-power,  but  it  was  not  until  1857, 
after  a  report  by  experts,  that  the  Piedmontese 
Parliament  granted  a  charter  and  agreed  to 
pay  half  the  estimated  cost,  which  was  $7,- 
760,000,  but  it  ultimately  paid  fur  the  entire 
work. 

The  first  blast  was  fired  August  18,  1857, 
and  the  headings  met  December  25,  1870.  It 
was  opened  for  use  September  17,  1871.  It 
was  double-track,  driven  with  bottom  heading 
93^x8^  feet.  Average  rate  of  progress,  8.00 
feet  per  day.  Total  length,  42,158  feet,  or  8.0 
miles.  Time,  fourteen  years  in  building.  Cost, 
$14,498,352.  Machine  drills  were  introduced 
at  the  north  end  in  1861  and  at  the  south  end 
in  1863.  The  last  year  the  rate  was  14^  feet 
per  day. 

3.      SUTRO   TUNNEL. 

The  third  long  tunnel  built  was  designed  to 
open  up  the  famous  Comstock  lode,  in  Nevada, 
by  providing  better  drainage  and  greater  ac- 
cessibility to  the  mines.  The  section  was  12x16 
feet  and  length  20,351  feet,  or  nearly  four 
miles.  Work  was  begun  October  19,  1869,  and 
completed  about  1878.  There  were  four  shafts 
designed  to  be  used  in  construction,  three  of 
which  were  over  1,000  feet  deep,  but  two  of 

*  Drinker's  Tunneling,  p.  266. 


COMPRESSED     AIR. 


4253 


O; 


r 


rr  I 


4254 


COMPRESSED     AIR. 


them  were  abandoned  before  reaching  grade 
because  of  the  great  influx  of  water.  Progress 
per  day  (1875)  in  heading  (i0x8)  was  10.24 
feet. 

4.      ST.    GOTHARD.      ALPS    (1872-81). 

At  the  St.  Gothard  tunnel  the  Sommellier 
drills  were  used  for  a  few  years  but  were  sup- 
plemented by  those  of  McKean  &  Ferroux, 
making  about  i8o  blows  per  minute.  These 
McKean  drills  were  modifications  of  the  sys- 
tem designed  for  the  Hoosac  Tunnel  and  taken 
to  Europe  by  Blanchard  &  McKean,  agents 
for  the  contractor. 

The  contract  for  the  St.  Gothard  was 
awarded  to  Mr.  Louis  Favre,  August  7,  1872, 
at  an  estimated  cost  of  $10,000,000,  and  was 
completed  in  eight  years,  with  a  premium  of 
$1,000  per  diem  for  every  day  saved  or  a 
similar  penalty  for  each  day  lost.  With  the 
system  of  rapid  firing  and  removal  of  debris 
great  progress  was  made  in  each  heading,  and 
the  work  was  opened  in  1880 — the  first  train 
passed  through  in  1881. 

Its  total  length  is  nine  and  one-quarter 
miles ;  time,  nine  years,  five  months,  and  aver- 
age daily  progress,  14.6  feet,  notwithstanding 
great  difficulties  from  water  and  the  caving  of 
the  lining.  The  early  location  of  the  ap- 
proaches was  placed  high  on  the  mountain 
slopes  instead  of  the  valley  bottom,  adding 
much  to  the  expense,  but  this  was  afterward 
modified  by  the  use  of  the  spiral  tunnel  and 
loops. 

THE    ARLBERG    TUNNEL.      ALPS     (1880-84). 

Through  the  Austrian  Tyrol  a  tunnel  of 
6.38  miles  was  driven  between  1880  and  1884 
at  a  much  more  rapid  speed  than  any  of  its 
predecessors,  at  an  estimated  cost  of  $7,000,- 
000.  The  time  consumed  was  three  years,  nine 
months,  and  the  average  rate  of  progress  27.8 
feet  per  diem.  Work  was  conducted  very 
systematically  and  construction  trains  were 
run  by  time  schedules.  The  headings,  which 
were  7.5  feet  high  and  9.2  feet  wide,  were 
placed  at  the  bottom  instead  of  the  top  of  the 
tunnel.  In  cost,  therefore,  this  work  was  but 
$1,000,000  per  mile,  $208  per  foot,  and  in  speed 
of  execution  three  times  as  fast  as  Mt.  Cenis. 

THE     SIMPLON.       1893-I905.      T2^      MILES     LONG. 

This  tunnel,  which  connects  Brig,  in  the 
Valley  of  the  Rhone,  with  Iselle,  on  the  Di- 
veria,  in  Italy,  is  twelve  and  one-quarter  miles 
in  length.  The  contract  was  let  in  September, 
1893.     The  plans  contemplated  the  use  of  the 


system  proposed  for  Hoosac  of  two  single- 
track  parallel  tubes  16.5  feet  wide,  55.7  feet 
apart,  but  connected  by  oblique  galleries  at 
frequent  intervals.  Only  one  of  them  was  to 
be  completed  to  full  dimensions,  while  the 
second  was  to  be  used  for  subsidiary  purposes 
to  provide  trackage  for  construction  and  ven- 
tilation, and  to  await  the  demands  of  traffic 
for  its  final  enlargement.  The  cost  is  reported 
to  be  $15,500,000  to  February'  24,  1905,  when 
the  headings  met,  thus  opening  the  shortest 
route  by  eighty  miles  between  Paris  and  Milan, 
and  connecting  the  Atlantic  and  the  Mediter- 
ranean. The  large  amount  of  water  and  high 
temperature  (reaching  ii8°F.)  made  this  work 
one  of  unusual  difficulty. 

Actual  work  was  begun  in  1898,  so  that  the 
average  ratio  has  been  nearly  two  miles  a  year, 
and  it  is  a  monument  to  the  enterprise  and 
energy  of  the  countries  which  have  contributed 
so  liberally  to  the  colossal  work  which  at  best 
will  save  but  a  few  hours  in  transit  between 
the  Italian  seaports  and  the  British  Isles.  (For 
difficulties  from  hot  springs  see  Scientific 
American  of  March  18  and  25,  1905). 

SUBWAYS. 

The  feature  of  the  above  works  is  that  they 
have  general!}'  been  excavated  from  the  ends, 
without  intermediate  shafts  or  slopes.  Many 
more  miles  of  continuous  underground  ways 
are  now  in  existence,  as  in  the  numerous  sub- 
ways of  Continental  and  American  cities,  but 
these  have  been  built  largely  as  open  cuts  or 
covered-ways,   or   with   numerous    shafts. 

SUB-AQUEOUS. 

Another  important  class  of  structures  is  the 
sub-aqueous  passages  connecting  great  centers 
of  industries  and  taking  the  place  of  bridges. 
These  involve  greater  difficulties  and  risks 
than  are  to  be  found  in  the  previous  classes, 
yet  to  avoid  the  transfers,  delays  and  risks 
of  ferries  or  the  obstructions  due  to  bridges, 
ice  and  fogs,  they  are  found  to  be  expedient, 
even  at  very  great  cost. 

The  latest  and  best  practice  in  works  of 
this  kind  is  illustrated  in  the  extensive  sys- 
tem of  tubes  now  completed  and  under  con- 
struction by  the  Pennsylvania  Railroad  Com- 
pany, under  the  direct  supervision  of  Mr. 
Qias.  M.  Jacobs,  Alfred  Noble  and  others,  in 
and  across  the  rivers  surrounding  the  Island 
of  Manhattan,  and  connecting  its  western 
ramification  directly  with  the  greatest  seaport 
of  the  continent,  without  break  of  bulk. 
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Whilst  the  tube-sj'stem  as  used  underneath 
the  North  River  at  New  York  has  required 
much  ingenuit}^  to  adapt  it  to  its  purpose,  the 
general  idea  was  first  applied  in  the  pioneer 
work  built  under  the  Thames,  at  London,  by 
M.  I.  Brunei,  in  1825  to  1846.  This  structure 
is  1,200  feet  long,  with  two  passageways  14 
feet  wide  by  i6>4  feet  high,  and  is  now  used 
by  the  East  London  Railway. 

The  influx  of  mud  and  water  were  so  great 
as  to  cause  the  invention  of  a  shield  to  cover 
the  whole  face  of  the  excavation,  38  feet  wide 
and  221-2  feet  high.  An  attempt  was  made  to 
introduce  the  Beach  pneumatic  system  in  New 
York  about  the  year  1863,  but  it  was  untime- 
ly, and  the  traffic  had  not  at  that  time  reached 
such  magnificent  proportions  as  to  justify  the 
expense,  and  there  was  an  aversion  to  being 
shot  through  a  hole  in  the  ground  by  the  pub- 
lic. Electric  motors  were  not  then  available. 
Again,  in  1868-69,  W.  H.  Barlow  used  a  mod- 
ified form  of  Brunei's  shield  in  building  the 
"Tower"  subway  under  the  Thames.  This 
was  circular  in  section,  eight  feet  in  outside 
diameter,  and  was  lined  with  ribbed  cast-iron 
plates.  It  was  the  prototype  of  the  present 
generally  adopted  system.  In  1889,  a  pair  of 
tubes,  each  ten  feet  in  diameter,  was  laid  under 
the  Thames  by  Mr.  Greathead  for  the  South 
London  Railway  by  means  of  an  improved 
shield  telescoped  over  the  outer  end  and 
pressed  forward  by  jacks,  as  in  the  Tower 
subway. 

The  earliest  sub-aqueous  aqueduct  tunnels 
in  this  country  were  those  built  at  Chicago  in 
1864-67,  two  miles  long,  at  a  cost  of  $457,844, 
and  subsequently  extended  four  miles  further 
for  a  fresh  water  supply.  A  second  conduit 
eight  feet  in  diameter  and  four  miles  long 
was  added  in  1887-1892,  and  also  at  Cleveland 
in  1869-74,  when  a  conduit  five  feet  in  diameter 
and  6,606  feet  long  was  built. 

In  1888-1902,  the  Grand  Trunk  Railroad 
built  a  single-track  circular  tunnel,  lined  with 
cast-iron  segments,  by  the  use  of  shields,  un- 
der the  Detroit  River,  at  Sarnia,  through  soft 
clay,  sand  and  gravel  6,000  feet  in  length.  To- 
day similar  systems  of  sub-aqueous  tunnels  are 
being  rapidly  and  successfully  built  under  the 
North  and  East  Rivers. 

AQUEDUCTS. 

Still  another  extensive  group  of  tunnels  is 
to  be  found  in  the  aqueducts  for  supplying 
large  communities  with  water.  The  most  con- 
spicuous  example  of  this   class   is   the   Croton 


Aqueduct  of  thirty-three  miles  in  length  and 
about  fourteen  feet  in  diameter,  crossing  the 
Harlem  River  by  means  of  an  inverted  syphon 
at  a  depth  of  306  feet  below  the  surface. 

DRAINAGE    TUNNELS. 

Amongst  the  most  interesting  works  of  this 
class  may  be  mentioned  the  ancient  Desague 
de  Huehuetoca,  undertaken  by  Enrigue  Mar- 
tinez, a  Dutch  engineer,  in  1607,  for  draining 
the  basin  of  the  City  of  Mexico.  The  tunnel 
was  four  miles  long  and  the  drain  thirteen, 
but  before  the  lining  was  completed  a  great 
flood  caused  it  to  cave  in.  As  a  reward  for 
his  effort  the  engineer  was  imprisoned  for 
three  years,  and  when  released  he  was  ordered 
to  make  an  open  cut,  in  which  he  spent  the 
rest  of  his  life.  But  the  work  was  continued 
for  120  years,  yet  it  was  not  made  deep  enough 
to  relieve  the  basin  to  any  great  extent.  In 
1888,  another  tunnel  was  built  six  miles  long 
and  150  square  feet  in  section,  supplemented 
by  twenty-seven  miles  of  large  canals,  this  tun- 
nel had  twenty-four  shafts,  varying  in  depth 
from  75  to  325  feet  and  a  discharging  capacity 
of  450  cubic  feet  per  second,  and  furnishes  an 
excellent  precedent  for  the  problem  now  con- 
fronting the  Isthmian  Canal  Commission  en- 
gaged in  the  regulation  of  the  floods  of  the 
Chagres  River  at  Panama,  where  the  suc- 
cess of  the  enterprise  is  made  to  depend  upon 
the  diversion  of  these  torrential  waters  by 
means  of  tunnels  from  seven  to  ten  miles  in 
length  through  the  Cordilleras.  But  in  this 
case  little  is  known  of  the  geology  or  stratigra- 
phy, and  as  to  the  possibility  of  any  shafts 
being  used. 

Before  closing  these  brief  remarks  it  may  be 
found  expedient  to  glance  at  the  attitude  of  the 
traffic  problem  in  this  city  in  1888  as  contrasted 
with  present  conditions.  Then  the  necessity 
of  additional  facilities  was  urged  by  the  of- 
ficial publications  of  this  Institute,  but  was  op- 
posed by  the  vested  interests  handling  the  in- 
terurban  traffic,  because  of  the  extreme  cost 
of  such  works  and  terminals  ;  of  the  "impos- 
sibility of  satisfactorily  operating  the  subway;'' 
because  "the  subway  car  motor  connected  with 
the  other  lines  of  the  road ;"  because  "it  would 
be  unwholesome  and  unsatisfactory  to  the  pul>- 
lic;"  because  "it  would  forever  preclude  the 
growth  of  business  on  the  lines  of  the  com- 
pany and  prevent  any  extensions  in  the  future 
to  meet  increased  business,"  and  lastly,  be- 
cause "the  destruction  of  the  railroad's  termin- 
al   facilities    in    Philadelphia    would    entail    a 
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loss*  impossible  to  estimate." 

That  these  objections  were  untenable  is  evi- 
dent from  the  fact  that  the  "impossible"  has 
vanished,  and  the  underground  and  elevated 
roads  have  come  to  stay.  Councils  are  now 
considering  the  necessity  of  abolishing  all 
grade  crossings  and  the  steam  routes  are 
cheerfully  acquiescing,  while  the  city  and  rail- 
road engineers  are  harmoniously  working  to 
relieve  the  surface  from  all  rapid  transit 
trains,  as  is  best  for  the  interests  of  all 
parties. 

The  Market  Street  subway  contracts  for 
sections  3  and  4,  extending  from  Fifteenth 
Street  west  to  the  Schuylkill  River,  were  let 
to  E.  E.  Smith  on  April  i,  1903,  and  the  work, 
which  was  begun  April  6,  has  been  vigorously 
prosecuted  so  that  it  is  expected  to  be  open 
for  traffic  this  year  (1905).  It  is  designed  for 
four  tracks,  two  of  which  will  carry  express 
trains  to  connect  with  the  elevated  railroad 
building  out  Market  Street  from  the  east  side 
of  the  Schuylkill  to  Delaware  County.  The 
four-track  bridge  across  the  river  is  now  well 
under  way.  The  local  or  outer  tracks  will 
make  a  loop  at  the  eastern  end,  passing  down 
Fifth  to  Walnut,  tnence  to  the  River  Dela- 
ware, to  Arch,  to  Fifth  and  return  to  Market. 
The  dimensions,  in  clear,  are  48  feet  6  inches 
in  width  and  14  feet  6  inches  in  height  from 
top  of  rails.  The  roof  girders  are  supported 
by  three  rows  of  steel  columns.  The  side  walls 
are  of  reinforced  concrete,  and  the  work  is 
being  carried  on  without  seriously  interrupt- 
ing local  traffic. 

Stations  are  placed  at  Fifteenth,"  Nineteenth 
and    'I'wenty-fourth    Streets. 

Chicago  has  already  constructed  some  twen- 
ty-eight miles  of  freight  and  passenger  sub- 
ways at  a  rate  of  twenty-one  feet  per  day 
from  each  of  the  fourteen  headings,  the  mater- 
ial being  firm  clay  (See  Scientific  American, 
March  ir,  1905)  giving  the  unprecedented 
rate  of  progress  of  twelve  miles  in  less  than 
a  year. 

Boston  has  built  a  much-needed  under- 
ground transit  way,  which  is  very  popular  and 
which  has  to  some  extent  relieved  the  con- 
gestion of  the  surface,  and  the  great  work  in 
New  York  goes  rapidly  on,  but  it  is  demon- 
strated that  by  the  time  one  system  is  com- 
pleted the  increase  of  traffic  has  reached  the 
limit  of  its  capacity  and  another  is  demanded, 

*See  Rapid  Transit  in  Cities,  Jan.,  1888,  Journal  of  F.  I. 
Feasibility  of  Underground  Railroads,  Dec,  1888,  Journal 
of  F.  1. 


so  that  to-day  applications  are  being  made  for 
new  charters  under  additional  streets. 

In  view  of  the  record  of  the  past  it  is 
reasonable  to  look  for  the  construction  in  the 
near  future  of  the  long-projected  tunnels  un- 
der the  Straits  of  Dover  to  connect  the  British 
Isles  with  the  Continent  by  a  continuous  line 
of  rails,  and  the  project  of  M.  Lobel  under 
Behrings  Straits  to  join  Alaska  and  Siberia, 
and  thus  furnish  an  all-rail  overland  connec- 
tion between  New  York  and  St.  Petersburg 
or  Paris,  or  even  with  Cape  Town  in  Africa, 
via  the  Cape  to  Cairo  route. 

These    are     some     of    the     transformations 

which  the  engineers  of  the  future  may  effect 

in  the  traffic  routes  of  the  world,  through  the 

instrumentality  of  great  tunnels  made  practical 

by   improved    drilling   machinery. 

For  further  details  see  "  Tunneling,'"  by  Henry  S. 
Drinker.  Johnson's  Encyclopoedia  article  Tunnels,  by 
Wm.  R.  Hatboro.  Tunneling  by  Machinery,  Herman 
Haupt,  1867. 


THE  PANAMA  CANAL 

Prof.  William  H.  Burr,  of  Columbia  Univer- 
sity, recently  addressed  the  American  Asso- 
ciation for  the  advancement  of  science  on  the 
work  at  Panama.  Among  other  things,  he 
said : 

"The  length  of  the  Panama  canal  is  about 
45  miles  between  40-ft.  contours  at  low  water 
at  its  terminal,  but  the  length  between  shore 
lines  will  not  be  more  than  42  miles. 

"The  topography  of  the  isthmus  at  the  Pan- 
ama crossing  is  well  adapted  to  the  construc- 
tion of  this  ship  canal,  the  original  summit 
of  the  divide  on  the  line  of  the  canal  being 
but  about  330  ft.  above  sea-level.  This  has 
now  been  reduced  to  about  170  ft.  above  mean 
sea-level  by  the  French  excavation  at  Culebra. 
About  one-half  of  the  length  of  the  canal  lies 
along  low  marshy  ground  on  either  side  of  the 
isthmus,  making  two  natural  sea-level  sections, 
one  about  eighteen  miles  long  on  the  north- 
erly side  of  the  isthmus,  and  the  other  about 
seven  miles  long  on  the  southerly  side ;  that  on 
the  northerly  side  running  for  the  greater  part 
of  its  length  generally  along  the  course  of  the 
Chagres  river.  This  river  has  been  one  of 
the  main  features  in  the  consideration  of  the 
canal  work  since  the  beginning  of  operations 
by  the  old  Panama  Canal  Co.  in  i88r.  It  is 
not  a  large  river,  as  it  has  not  more  than 
about  800  square  miles  of  watershed  above 
Bohio,  where  in  its  flow  toward  the  sea  it 
leaves  the  rising  ground  and  enters  what  may 
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be  termed  the  coastal  plain,  through  which 
it  meanders  along  a  sinuous  course  to  the 
ocean.  It  has  even  changed  its  course  in  the 
past  at  various  locations  in  this  marshy 
ground. 

'"That  portion  of  the  canal  route  lying  in  the 
higher  ground  of  the  divide  is  but  about  24 
miles  long,  and  but  little  more  than  three- 
quarters  of  a  mile  of  it  had  an  original  sur- 
face elevation  exceeding  200  ft.  The  surface 
material  is  largely  clay  of  ordinary  character, 
slippery  and  easily  moved  when  wet,  but  hold- 
ing well  in  place  when  protected  from  the  en- 
trance of  water.  Below  this  covering  of  clay 
lies  material  of  irregular  character,  as  the  en- 
tire isthmus  is  of  volcanic  origin.  In  the  con- 
tinental divide,  at  a  depth  varying  from  20 
to  40  or  50  ft.  below  the  surface,  an  indur- 
ated clay,  classed  for  purposes  of  excavation 
as  soft  rock,  is  found.  This  material  gives 
place  irregularly  to  hard  rock  at  greater 
depths.  ^luch  of  the  rock  of  the  isthmus  is 
soft,  although  there  is  hard  basalt  in  a  num- 
ber of  places  and.  in  one  locality  on  the  Pan- 
ama slope  of  the  divide,  columnar  basalt  is 
found. 

"The  work  performed  by  the  old  and  new 
Panama  canal  companies  amounted  in  the  ag- 
gregate to  not  far  from  eighty  million  cubic 
yards  of  all  classes  of  excavation,  of  which 
possibly  forty  ipillion  cubic  yards  at  most  will 
be  found  available  for  the  American  construc- 
tion of  the  canal,  whether  a  lock  plan  or  a 
sea-level  plan  be  adopted.  This  work  extends 
practically  over  the  entire  canal  route,  with 
the  exception  of  the  approach  channels  in  the 
two  terminal  harbors,  and  it  is  nearly  contin- 
uous. Over  considerable  stretches  of  the 
higher  ground  it  is  little  more  than  shallow 
cuts  through  the  softer  surface  materials,  but 
at  the  great  Culebra  cut  the  material  which 
has  been  excavated  varies  from  the  surface 
clay,  readily  removed  by  steam-shovels,  to 
hard  basaltic  rock,  requiring  blasting  by  high 
explosives  before  it  can  be  removed.  All  the 
material,  even  the  indurated  clay,  below  the 
softer  covering,  requires  blasting  before  it  can 
be  excavated,  although  the  softer  portions 
need  the  action  of  black  powder  only. 

"Except  the  deep  cutting  at  Culebra,  through 
the  summit  of  the  continental  divide,  the  most 
marked  work  done  by  the  old  French  com- 
pany was  the  dredging  through  tlie  low 
marshy  lands  from  Colon  to  Bohio.  There  is 
at  present  a  strip  of  partially  completed  canal 


about  14  miles  long  with  a  bottom  width  of 
72  ft.,  which  may  be  navigated  by  vessels 
drawing  12  to  14  ft.,  with  the  exception  of  a 
short  "distance  near  Colon.  Indeed,  so  much 
excavation  was  completed  in  this  portion  of 
the  canal,  intersecting  the  Chagres  at  a  num- 
ber of  places,  that  the  waters  of  that  river 
have  abandoned  the  old  bed  and  now  flow 
through  the  partially  completed  canal  prism." 


PNEUMATIC  TOOLS  AS  APPLIED 

TO  SHIP  CONSTRUCTION  AND 

THEIR  ADVANTAGES  TO 

SHIPBUILDERS    AND 

ENGINEERS* 

BY     CHARLES     SCHOFIELD. 

About  three  years  ago  the  shipyard  man- 
agers of  the  United  States  decided  to  ascertain 
whether  pneumatic  tools  as  applied  to  ship 
construction  were  a  financial  success  or  not, 
and  what  actual  advantages  accrued  from 
their  use.  They  appointed  a  committee,  in- 
structing them  to  make  the  necessary  inquiries 
from  the  various  shipbuilders  of  America,  and 
report  the  result  of  their  labors  at  the  next 
meeting.  The  paper  presented  caused  more 
discussion  and  diversity  of  opinion  than  any 
other  topic  during  the  whole  session.  The  re- 
ports of  the  various  shipbuilders  as  returned 
disclosed  a  most  .satisfactory  state  of  affairs, 
and  proved  beyond  a  doubt  that  pneumatic 
tools  as  applied  to  ship  construction  were  a 
known  quantity  and  beyond  the  experimental 
stage.  The  information  thus  obtained  was  not 
only  interesting  but  instructive  to  the  members 
generally. 

I  will  endeavor  in  my  paper  to  explain  the 
methods  adopted  in  the  American  shipyards 
as  to  the  application  of  pneumatic  tools  in 
ship  construction,  also  the  cost  of  same,,  and 
make  a  comparison  with  the  British  piece-work 
hand  rates. 

The  first  portable  pneumatic  tools  introduced 
to  shipbuilders  were  shipping  hammers.  A 
pneumatic  chipping  hammer  consists  of  a 
working  cylinder,  having  attached  to  it  a 
grasping  handle,  and  inclosing  a  reciprocating 
piston  and  a  valve  box  containing  a  recipro- 
cating valve.  In  the  lower  part  of  the  handle 
the  air-inlet  passage  is  situated,  and  fs  con- 
trolled   by    a    piston    throttle    valve    arranged 

♦Read  before  the  North  East  Coast  Institution  of  .Ship- 
builders Engineer.'v.  November  24.  1905. 
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therein,  adapted  to  be  operated  by  a  pivoted 
finger  lever.  The  air,  after  passing  the  valve, 
enters  the  transverse  passage,  which  commun- 
icates \Vith  an  annular  groove  situated  im- 
mediately adjacent  to  the  valve  box.  This 
groove  serves  to  distribute  the  air  to  the  var- 
ious inlet  ports  and  passages  in  the  valve  box. 
The  valve  box  itself  is  in  the  form  of  a  hol- 
low cylindrical  block  bored  out  to  two  differ- 
ent diameters  to  receive  the  valve  correspond- 
ing in  shape.  The  valve  box  is  provided  with 
the  necessary  ports  and  passages  to  admit  live 
air  to  and  exhaust  from  the  opposite  ends  of 
the  cylinder,  and  for  controlling  the  valve 
.  itself  in  co-operation  with  the  piston.  The 
valve  contains  no  ports  or  passages,  but  has 
two  grooves,  one  cut  in  the  portion  of  small 
diameter,  and  one  in  that  of  large  diameter. 
It  will  be  seen  that  the  valve,  being  made  of 
two   diameters,   has   two   pressure   surfaces   or 


serted   into  the  tool   socket  the  closure  of  the 
end  of  the  cylinder  is  thereby  completed. 

In  the  illustration  the  valve  is  in  such  posi- 
tion that  the  air  is  in  contact  directly  with 
the  piston  so  as  to  force  it  forward  at  high 
speed  until  it  hits  the  tool  end.  When  the 
portion  of  reduced  diameter  of  the  piston 
comes  opposite  to  the  end  of  the  live-air  pas- 
sage, and  puts  this  into  communication  with 
the  passage  leading  back  to  the  large  area 
of  the  valve,  the  position  of  the  valve  is  im- 
mediately reversed,  whereby  the  live  air  passes 
round  the  groove  in  the  portion  of  the  valve 
of  large  diameter  into  the  passage  on  the  op- 
posite side  at  the  front  of  the  piston,  forcing 
the  same  in  a  backward  direction.  The  piston 
on  its  return  stroke  cuts  oflf  the  supply  of  air 
from  the  larger  area  of  the  valve,  and  the  lat- 
ter returns  to  its  initial  position,  admitting  air 
behind  the  piston  for  the  ne.xt  stroke. 


SECTION    OF    PXEUM.\T1C    RIVETER. 


areas,  against  the  smaller  of  which  air  con- 
stantly acts  to  press  the  valve  in  one  direction ; 
and  against  the  larger  area,  air  under  pressure 
is  intermittently  admitted  through  the  ports 
and  passages  in  the  valve  box  and  cylinder, 
those  in  the  cylinder  being  so  controlled  by 
the  piston  as  to  move  the  valve  in  the  opposite 
direction  against  the  constant  live-air  pressure 
on  the  smaller  area.  The  piston  is  a  solid 
cylindrical  bolt  having  a  groove  in  its  periphery 
near  one  end  for  the  purpose  of  placing  in 
communication  with  each  other  the  live-air 
passage,  shown  in  dotted  lines  leading  from 
the  source  of  supply  to  the  piston  chamber, 
and  another  passage  leading  from  the  piston 
chamber  to  the  larger  area  of  the  valve.  The 
outer  end  of  the  cylinder  is  partly  closed  by 
means  of  an  internal  ring  and  the  working 
tools   socket.     When  the  working  tool   is   in- 


Is  was  with  fear  and  trembling  that  we.  the 
shipyard  managers,  attended  the  several  dem- 
onstrations prepared  for  our  edification  by  the 
various  pneumatic  tool  companies,  as,  of 
course,  we  were  expected  to  try  the  tools ;  and 
sometimes  we  thought  the  piston  was  taking 
air  at  the  wrong  end  on  account  of  the  exces- 
sive vibration,  but  this  was  eventually  minim- 
ized by  the  makers  adding  a  little  more  weight 
to  the  hammers.  After  we  had  got  accustomed 
to  handling  the  tools  and  had  overcome,  to 
some  extent,  our  prejudice,  it  became  evident 
to  us  that  the  pneumatic  chipping  hammer  had 
some  merit ;  inasmuch  as  it  could  do  work  in 
close  quarters  much  better  and  in  less  than 
half  the  time  the  same  work  could  be  done  by 
hand. 

It  was.  however,  months  before  we  could 
get   the   men   using  pneumatic   tools   to   admit 
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tliat  there  was  sufficient  benefit  derived  from 
tlieir  use  to  warrant  a  reduction  from  the  hand 
piece-work  rate,  and  it  was  only  b\'  playing 
our  cards  diplomatically  that  we  got  our  first 
reduction  of  40  per  cent,  on  all  chipping  and 
cutting,  because,  at  this  time,  the  men  exper- 
ienced great  difficulty  in  chipping  a  plate  edge 
to  a  bevel,  or  when  dressing  a  shell  butt,  on 
account  of  the  hammers  having  round  bush- 
ings to  take  the  shank  of  the  chisel,  whereby 
the  man  operating  the  tool  had  to  twist  the 
chisel  as  best  he  could  without  any  resistance 
from  the  hammer.  But  all  the  up-to-date 
hammers  of  to-day  have  hexagon  bushings, 
and  the  chisels  have  hexagon  shanks  to  suit, 
so  that  the  operator  can  twist  the  chisel  to  any 
desired  angle  by  twisting  the  hammer,  while 
a  calking  iron  with  a  round  shank  can  be  used 
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in  the  same  hammer  without  the  bushing  being 
changed.  The  current  piece-w^ork  rate  for 
pneumatic  chipping,  solid  cutting  and  calking 
in  the  United  States  is  about  50  per  cent,  less 
than  the  piece-work  hand  rates  of  Great  Brit- 
ain ;  that  is,  taking  the  day-work  rates  of  both 
countries  as  a  basis.  Another  feature  of  the 
pneumatic  calking  hammer  is  that  it  calks  the 
toe  of  the  gunwale,  waterway,  tank  margin  and 
bulkhead  bounding  bars  without  their  having 
been  either  planed  or  chipped.  This  allows 
the  builder  to  order  the  said  angles  the  same 
size  as  he  would  if  they  were  not  to  be  calked. 
Pneumatic  hammers  are  used  extensively  by 
engineers  for  dressing  propeller  blades,  the 
palms  of  struts  for  vessels  with  twin  screws, 
bed  plates,  cutting  key  ways,  cleaning  castings, 
etc.,  in  fact,  there  is  very  little  hand  chipping 
done  in  the  fitting  shops  of  the  American  en- 
gine builders. 

PNEUMATIC    DRILLS. 

When  pneumatic  drills  were  first  introduced 
to  shipbuilders  they  had  to  compete  with  elec- 
tric drills  of  all  sizes  and  weights ;  and  during 
a  four  weeks'  test  at  the  works  of  William 
Cramp  &  Sons,  of  Philadelphia,  the  pneumatic 


drills  proved  their  superiority.  At  the  time  of 
the  test  we  were  building  three  cruisers  and 
two  battleships,  which  had  protective  decks 
made  up  of  two  plates,  each  1Y2  inches  thick, 
connected  by  i^-inch  rivets.  It  was  on  these 
plates  we  made  the  test,  the  average  for  the 
twenty- four  days  being  as  follows : 
Air  pressure  on  12  days,  being  90  pounds  248 


.\IR  PUhSSlRK 


Holes  Drilled 


Pneumatic    Electric 


On  12  days,  being  90  lbs. 1       248 

On   9  days,  being  84  lbs 232 

On   3  days,  being  76  lbs 208 


100 
100 
100 


The  result  was  that  we  dispensed  with  twen- 
ty-six electric  drills,  and  took  60  per  cent,  of? 
the  piece-work  rate  of  drilling  on  this  class 
of  work ;  we  also  made  a  reduction  of  60  per 
cent,  on  the  price  of  holes  drilled  in  the  deck 
plating  for  deck  planking,  and  took  50  per 
cent,  off  all  other  drilling  on  the  ship,  except 
odd  work. 

Pneumatic  drills  ar<»  now  used  for  every 
conceivable  purpose  by  American  shipbuilders, 
among  others,  tutting  out  side-light  holes, 
ventilator  and  coal  port-holes  in  the  deck,  bor- 
ing stern-post  gudgeons,  wood  backing  for 
armor-plate  bolts,  tube  cutting,  tube  expand- 
ing, tapping  for  stay  bolts,  screwing  in  stay 
bolts,  and  by  using  a  speed  reducing  gear  at- 
tached to  the  drill  it  is  possible  to  tap  up  to  4 
inches  diameter,  and  to  operate  this  combined 
machine  only  one  man  and  a  boy  are  re- 
quired. In  fact,  the  pneumatic  drill  is  an  in- 
dispensable factor  in  connection  with  speedy 
and  economical  ship  construction  in  its  var- 
ious branches. 

PNEUMATIC    RIVETING. 

Probably  the  hardest  manual  labor  in  all  the 
various  operations  in  building  a  ship  is  that 
of  riveting.  Combined  with  this  is  a  certain 
amount  of  technical  skill  acquired  only  by  an 
apprenticeship  at  the  trade.  A  first  class  rivet- 
er on  inside  work  cannot  properly  drive  shell 
rivets  and  vice  versa,  while  the  boiler  riveter, 
however  good  he  may  be  at  his  own  work,  is 
of  little  use  on  any  part  of  the  ship's  hull.  In 
addition  to  this,  the  rapidly  increasing  size  of 
ships,  with  the  corresponding  necessity  for 
heavier  plating,  doublings,  etc.,  requires  the 
use  of  larger  and  longer  rivets,  which  cannot 
properly  fill  the  hole  when  driven  by  hand, 
however   skilful   or    willing   the   men    may   be. 
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For  all  these  reasons  combined,  in  the  yard 
of  the  Cramp  Company,  of  which  I  was  the 
shipyard  manager,  some  seven  years  ago  a  de- 
termined effort  was  begun  and  an  extended 
series  of  experiments  entered  upon  to  develop 
pneumatic  machinery  capable  of  being  oper- 
ated by  unskilled  labor,  by  which  all  the  rivets 
in  the  ship  could  be  driven.  This  effort  has 
been  entirely  successful,  not  only  at  Cramp's 
but  at  all  the  leading  shipyards  in  the  States. 
I  recently  sent  to  the  four  leading  ship- 
builders  in   America   a   letter   asking  them   to 


We  had  in  use  at  that  time,  a  stationary 
riveter  of  the  ordinary  type,  driving  rivets  in 
such  portions  of  the  ship  as  could  be  as- 
sembled and  handled  as  a  whole,  namely, 
frames,  water-tight  doors,  etc.,  such  as  are 
usual  in  ordinary  merchant  vessels.  A  very 
short  experience  wnth  compression  riveters 
showed  that  their  great  weight — reaching  over 
2,500  pounds  for  a  six-foot  gap — interfered  too 
much  with  facility  of  handling  to  make  them 
either  useful  or  economical. 

We  then  turned  our  attention  to  the  pneu- 
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cable  me  the  approximate  percentage  of  the 
entire  number  of  rivets  in  the  shell  of  a  ship 
which  they  were  now  driving  with  pneumatic 
tools. 

I  received  the  following  cablegrams  in  re- 
ply: 

'■  Eighty- five  to  ninety." — James  Wallace, 
Managing  Director  for  the  American  Ship- 
building Company. 

■'Thirty  shell,  eighty  hull." — Orcutt,  Presi- 
dent of  the  Newport  News  Shipbuilding  Com- 
pany. 

"One  hundred." — Wilson,  General  Manager, 
Marine  Department,  The  Maryland  Steel  Com- 
pany,   Sparrow's    Point. 

"Ninety-nine."  Cramps. 

The  last  cablegram  was  confirmed  by  letter. 


matic  hammer,  which  delivers  an  almost  con- 
tinuous series  of  blows  against  the  end  of  the 
chisel,  calking  tool,  or  rivet  die.  The  hammer 
is  light,  powerful,  short  enough  to  go  in  be- 
tween frame  spacings,  and  small  enough  in 
diameter  to  get  at  rivets  in  corner  angles.  For 
rivets  up  to  ^-inch  diameter  it  can  be  held  in 
the  hand,  but  for  rivets  of  a  larger  diameter 
the  hammer  should  be  held  in  a  device  suit- 
able to  the  location  of  the  work  on  the  vessel, 
for  instance,  shell  device  and  deck  device.  It 
is,  however,  almost  impossible  to  hold  on  to 
the  rivet  by  hand  unless  a  spring  dolly  bar  is 
used  instead  of  the  heavy  holding-on  hammer 
used  in  hand  riveting,  the  heavy  holding-on 
hammer  being  fairly  jarred  off  the  head  of  the 
rivet   by   the   rapidity   of   the   blows   from   the 
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pneumatic  hammer,  giving  the  holder-on  no 
opportunity  to  bring  his  tool  back  into  posi- 
tion between  blows  as  in  hand  riveting. 

PORTABLE    PNEUMATIC    YOKE    RIVETER    COMPLETE. 

In  connection  with  the  above-mentioned 
pneumatic  hammer  there  is  used  a  simple 
pneumatic  hold-on  consisting  only  of  a 
cylinder  carrying  a  piston,  behind  which  air 
is  admitted,  the  rod  extending  through  the 
front  head  and  being  cupped  out  to  go  over 
the  head  of  the  rivet. 

Combining  these  two  machines  with  a  yoke, 
the  hammer  being  mounted  on  one  arm  and  the 
holder-on  on  the  other,  makes  a  self-contained 
machine  in  which  the  yoke  can  be  made  very 
light,  as  it  has  to  resist  only  the  pressure  of 
the  air  against  the  end  of  the  holder-on  cyl- 
inder, and  the  reaction  of  the  hammer  blows. 
Various  sizes  of  these  yoke  riveters  are  used 
for  riveting  the  center  keelsons,  longitudinals, 
side  keelsons,  etc.  They  are  also  extensively 
used  for  riveting  certain  parts  of  turrets,  gun- 
carriages,  etc.,  where  first-class  riveting  is  ab- 
solutely necessary. 

For  driving  rivets  in  frames  and  brackets, 
intercostals  and  beam  knees,  etc.,  we  use  a 
jam   riveter  and  pneumatic-holder-on. 

The  above  descriptions  will,  I  trust,  make 
sufficiently  plain  the  methods  for  driving  all 
rivets  that  can  be  reached  on  both  sides  by  a 
yoke  or  jam  fiveter.  There  remain  three 
classes  of  rivets  in  a  ship,  as  follows:  (i) 
Those  through  decks  and  tank  tops,  mostly 
countersunk,  and  all  driven  downward  from 
above;  (2)  bulkhead  rivets,  nearly  all  with  full 
heads;  (3)  those  in  the  outside  of  the  vessel 
and  all  countersunk.  These  three  classes  must 
be  reached  by  riveters  on  one  side  and  hold- 
ers-on  on  the  other,  without  any  connection 
whatever  between  them.  The  first  class  are 
most  easily  driven,  and  for  them  the  hammer 
is  attached  to  a  universal  swivel  head,  mounted 
on  a  pipe  or  T-bar.  The  operator  raises  the 
hammer  to  bring  the  flat  die  on  to  the  rivet, 
and  the  pipe  or  T-bar  being  secured  at  the 
center,  holds  the  hammer  in  position  while  the 
rivet  is  being  driven.  A  second  man,  with  a 
pneumatic  chipping  hammer  cuts  off  the  sur- 
plus metal,  and  the  riveting  hammer  being 
brought  back  on  the  rivet,  a  few  seconds  com- 
plete the  operation.  In  this  case  the  pneu- 
matic holder-on  is  operated  from  below  by  a 
third  man,  being  braced  against  the  bottom 
of  the  ship  or  the  next  deck  below. 

For  the  second  class,  the  hammer  is  simply 


held  in  the  hands  of  the  operator,  said  hammer 
having  about  a  4^-inch  piston  stroke,  and  as 
the  die  is  cupped  out  to  form  the  snap  point, 
there  is  no  tendency  to  slip  off  the  point.  The 
holding-on  is  done  by  a  spring  dolly  bar,  which 
I   will  explain   later. 

We  now  come  to  the  third  class,  or  shell 
rivets,  which,  in  many  respects,  are  the  most 
important  rivets  in  the  ship,  requiring  the 
most  careful  workmanship  and  the  best  finish. 
Therefore  it  is  a  serious  mistake  for  shipbuild- 
ers to  attempt  to  drive  shell  rivets  by  pneu- 
matic power  until  they  have  established  pneu- 
matic riveting  on  all  inside  work,  because  the 
men  operating  the  tools  should  be  accustomed 
to  handling  the  hammers  before  being  put  on 
this  important  part  of  the  work.  It  is  evident 
at  the  start  that  the  varying  thickness  of 
plates,  frame  flanges  and  liners,  and  especial- 
ly the  depths  of  countersink  render  it  imprac- 
ticable to  so  gauge  the  length  of  rivet  used 
that  there  will  always  be  just  enough  metal 
to  properly  fill  the  countersink  and  finish  the 
point,  and  that,  therefore,  as  in  hand  riveting, 
a  longer  rivet  must  be  used.  After  the  point 
is  beaten  down  and  the  surplus  metal  crowded 
off'  to  one  side,  this  surplus  must  be  chipped 
off,  and  the  point  be  finished  up,  rounded 
slightly,  and  any  seams  between  the  rivet  and 
the  plate  driven  together  and  closed.  To  do 
this  a  certain  amount  of  freedom  of  motion 
must  be  allowed  in  the  hammer,  so  that  its 
axis  may  be  inclined  at  a  slight  angle  in  an] 
direction  with  the  axis  of  the  rivet  itself. 

This  result  is  attained  by  mounting  a  pneu 
matic  hammer  in  a  device  having  a  universa\ 
movement  attached  to  the  end  of  a  T-bar,  in- 
stead of  its  being  immovably  fastened  to  it. 
For  bottom  riveting  there  is  a  flat  bar  adapted 
so  as  to  be  mounted  on  the  shell  of  a  ship  in 
any  desired  position.  This  bar  carries  an 
adjustable  support,  connected,  by  means  of  a 
swivel  joint,  with  a  holder  in  which  is  mounted 
an  adjustable  frame  bar.  pivotally  supporting 
at  one  end  a  pneumatic  hammer,  and  at  tiic 
other  an  adjustable  distance  piece. 

At  one  setting  a  space  of  14  feet  to  16  feet 
square  can  be  reached  with  the  above  device, 
and  when  it  is  necessary  to  move  the  device 
to  another  position  the  change  can  be  effected 
in  about  ten  minutes.  A  spring  dolly  bar  is 
used  for  holding-on,  thus  dispensing  with  the 
costly  method  of  a  wood  backing,  necessary 
when  a  pneumatic  holder-on  was  used,  as  was 
the   case   a   few   years   ago,   and    an   ordinary 
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pneumatic  chipping  hammer  is  used  to  cut  oflf 
the  surplus  metal  before  finallj'  finishing.  It 
is  evident  that  the  freedom  of  movement  of  the 
hammer  can  be  secured  in  other  ways,  such  as 
a  ball  and  socket  joint  of  large  radius,  but 
we  have  found  the  above  device  more  satis- 
factory and  all  that  can  be  desired. 

For  riveting  the  side  shell  plating  the  same 
device  is  used,  with  one  exception,  and  this  is 


side  the  pipe  there  is  a  piece  of  round  iron, 
about  6  inches  long,  backed  up  by  a  spiral 
spring. 

The  quality  of  the  work  done  b^^  all  these 
machines,  both  inside  and  outside  the  shell,  is 
first-class  in  every  respect,  and  far  superior  to 
hand  work,  seeing  that  a  rivet  driven  by  a 
pneumatic  hammer  has  to  be  about  12  per  cent. 
longer  than  a  rivet  driven  by  hand,  which  goes 


Air  pressure  on  12  davs,  being  90  pounds 
9      '      ■•  84       •■ 

3  "  76       •' 


No.  of 
Rivets. 
Distribution. 

Keel     (flat)     6.217 

Shell 21.628 

Shell  margin   (bilge  single  line) 1.122 

Longitudinals,    open     ^4.632 

C.   V.   K.  brackets    3.197 

Longitudinals    under    tank    664 

Longitudinals,    bars     2,989 

Tank  top  stiffeners  1,129 

Tank   top   margin    4  033 

Tank   top   rider    3.209 

Tank  top  lugs    1.520 

Tank    top    4.467 

C.  V.  K.  cross  vertical  keelson   1.2.723 

Hold    stringer     1.184 

Floors    123 

Floors    (odd)     5 

C.  V.  K.  (odd)    38- 

Bulkheads    1.318 

3.051 

231 

Total    93,480 

TABLE   I. 


IIo 

les  dri 

lied. 

Pneumatic. 

Electric. 

248 

100 

232 

100 

208 

100 

Diam- 

Ma- 

eter 

chine 

Hand 

of 

Rate. 

Rate, 

Rivets. 

Each. 

Each. 

Inch. 

Cents. 

Cents. 

I 

2/2 

A'A 

/.s 

Wa 

3H 

'  s 

3 

4H 

Va 

1^4 

2Va 

3/4 

I 

3H 

14 

y/2 

\V2 

7>V2 

34 

Wa 

2Va 

3/4 

Wa 

2Va 

Va 

2 14 

?>V2 

Va 

W2 

2Va 

Va 

Wa 

2Va 

Va 

Wa 

3I/2 

Va 

Wa 

2Va 

Va 

T 

3 

Va 

1 1/. 

3 

Va 

Wa 

3 

Va 

2 

6 

Va 

2 

6 

Va 

Wa 

5 

Va 

Wa 

3'4 

v% 

W2 

2/2 

as  follows :  there  is  a  holder  provided  with  a 
T-shaped  slot,  the  sides  of  which  form  a  bear- 
ing for  the  T-shaped  frame  bar.  while  allow- 
ing said  bar  to  be  moved  from  one  position  to 
another  in  said  slot ;  and  a  friction  spring  and 
set  screw,  respectively  adapted  to  bear  against 
the  bottom  of  said  frame  bar  when  the  latter 
is  in  position  in  said  slot  and  to  lock  the  frame 
bar  in  any  desired  position  in  said  holder. 

The  spring  dolly  bar  now  used  is  made  of  a 
piece  of  3-inch  pipe  about  12  inches  long,  hav- 
ing at  one  end  an  ordinary  cast-steel  handle, 
while  at  the  other  there  is  a  bushing,  through 
which  a  set  screw  holds  the  cup  or  snap.     In- 


to prove  that  the  hole  is  better  filled  when  the 
work  is  done  b}-  pneumatic  tools,  and  such  is 
the  unanimous  opinion  of  the  inspectors  who 
have  been  and  are  on  duty  in  the  American 
shipyards. 

That  this  is  natural  appears  from  several 
considerations.  The  rivets  are  closed  down 
more  rapidly  and  at  a  much  higher  tempera- 
ture, and,  as  it  is  always  easy  to  bring  the 
axis  of  the  hammer  in  line  with  the  axis  of 
the  rivet,  and,  in  fact,  natural  for  the  men 
to  do  so,  the  rivet  is  plugged  at  once  by  the 
first  blows  of  the  hammer,  thoroughly  filling 
the   hole   throughout   before   the   point   begins 
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to  form.  The  tciulciicy  of  Iiaiul  riveters  to 
save  labor,  to  form  the  point  without  thorough 
pUigging,  leaving  a  rivet  which,  though  looking 
all  right  and  passing  the  tester,  is  liable  to 
loosen  afterwards  in  service  from  the  con- 
stant jar  and  vibration  of  the  hull,  is,  there- 
fore, avoided.  In  many  confined  places,  also, 
where  only  one  man  can  strike,  and  the  space 
for  the  swing  of  the  hammer  is  confined  to  the 
frame  spacing  or  less,  hand  rivets  are  very  apt 
to  be  poorly  driven,  but  it  is  evident  that  such 
considerations  do  not  affect  the  machine,  and 
that,  if  the  pneumatic  hammer  can  get  to  the 
rivet  at  all,  it  is  as  well  put  in  as  in  the  most 
open  parts  of  the  work. 

As  to  the  cost  of  pneumatic  riveting,  I  sub- 
mit the  figures  of  Table  i,  which  are  piece 
work  rates  current  in  the  States,  also  figures 
comparing  them  with  the  British  piece-work 
hand  rates.  In  making  this  comparison,  I 
must  call  your  attention  to  the  fact  that  both 
day-work  and  piece-work  rates  in  America  are 
about  35  per  cent,  higher  than  in  Great  Britain. 
This  is  due  chiefly  to  the  cost  of  living  being 
higher.  So  that  the  piece-work  prices  for 
pneumatic  riveting  in  Great  Britain  should  be 
one-third  less  than  the  prices  paid  in  America. 

Table     i     was     compiled     from     an     actual 
test  covering  a   period  of  three   weeks   at   the 
Chicago    plant   of   the    American    Shipbuilding 
Company. 
Total   cost   off   job   by   hand   would 

have    been     $2,986.87 

Total  cost  of   iob  bv  machine   was     1,403.31 


Saving  of  machine  over  hand  work  $1,583.56 


Average  cost  per  rivet  of  hand  work  3.19  cents 
Average  cost  per  rivet  of  machine 

work 1.50 

Average    saving   per    rivet   of    ma- 
chine hand   work    169 

Average  cost  of  machine  riveting  was  47 
per  cent,  of  hand  cost. 

If  the  above  93,480  rivets  had  been  driven  by 
pneumatic  tools  in  a  vessel  building  in  a  Brit- 
ish shipyard  at  piece-work  rates  one-third  less 
than  are  paid  in  America,  the  result  would  be 
as  shown  in  Table  2. 

The  amount  that  should  be  added  to  ma- 
chine cost  to  cover  interest,  maintenance  of 
plant,  and  operation  of  compressor,  is  about 
15  per  cent,  of  the  gross  earnings  of  the  tools. 

It  is  only  fair  to  mention  that,  at  the  time 
the  above  test  took  place,  about   seven  years 


ago,  pneumatic  tools  were  not  so  perfect  as 
they  are  to-day,  and  their  application  to  ship 
construction  has  been  very  much  simplified. 
For  instance,  when  driving  bulkheads  and 
shell  it  was  customary  to  use  a  pneumatic 
holder-on,  which  necessitated  something  to  act 
as  a  backing  for  the  tool,  said  backing  having 
to  be  built  up,  which  added  considerably  to  the 
total  cost  of  riveting,  whereas  now  a  spring 
dolly  bar  is  used,  which  the  holder-on  holds 
in  his  hands ;  again,  the  shell  device  for  hold- 
ing the  riveting  hammer  while  driving  the  rivet 
has  been  very  considerably  improved,  and  can 
be  removed  from  one  position  to  another  on 
the  ship  in  less  than  one-fifth  the  time  re- 
quired to  remove  the  old  device. 

In  conclusion,  I  should  like  to  say  that,  while 
visiting  the  various  shipyards  on  the  Clyde. 
one  of  the  most  prominent  shipbuilders  called 
my  attention  to  the  fact  that  since  commenc- 
ing to  u.se  pneumatic  tools  they  have  turned 
out  20  per  cent,  more  tonnage,  from  the  same 
building  berths,  than  they  did  before.  So 
there  is  not  only  a  saving  in  the  reduced  price 
of  work  done  by  pneum.atic  tools,  but  also  a 
great  saving  in  time,  which  is  a  very  import- 
ant item  to  a  shipbuilding  company  which  is 
limited  as  to  space  and  has  not  sufficient  berths 
to  accommodate  all  the  vessels  under  order. 

Thus  it  will  be  seen  that,  while  pneumatic 
tools  are  still  only  in  their  infancy,  there  is 
no  limit  to  the  advantages  that  shipbuilders 
and  engineers  can  gain  by  their  use  in  con- 
nection with  shipbuilding  and  engineering.  In 
addition  to  the  tools  already  mentioned,  there 
are  now  on  the  market  pneumatic  hoists,  ram- 
mers, molding  machines,  wood-deck  calking 
machines,  wood-deck  planing  machines,  paint- 
ing machines,  and  large  hammers  for  black- 
smith work. 


THE  SCRANTON  TUNNEL  OF  THE 

LACKAWANNA  AND  WYOMING 

VALLEY  RAILROAD 

During  the  years  1901.  1902  and  1903  a 
double-track,  high-speed  electric  railway  was 
constructed  for  this  company  on  a  private 
right  of  way  in  the  heart  of  the  northern  an- 
thracite coal  field,  with  termini  at  Wilke.s- 
Barre  on  the  south,  and  Scranton  on  the  north, 
a  distance  of  about  20  miles. 

The  entrance  to  Scranton  was  over  a  hill 
on  the  southern  side  of  the  city  and,  during 
1904    and     1905.     a     tuimel     was     constructed 
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through  this  hill.  In  a  paper  recently  pre- 
sented before  the  American  Society  of  En- 
gineers, Messrs.  Geo.  B.  Francis  and  W.  F. 
Dennis,  members  Am.  Soc.  C.  E.,  mention  the 
following  interesting  facts  relative  to  the  use 
of  compressed  air  in  connection  with  the  work: 

The  company's  plans  required  two  shafts, 
and  the  simultaneous  excavation  both  ways 
from  each  shaft,  and  at  the  ends,  thus  making 
six  points  of  simultaneous  attack. 

It  was  calculated  that  from  24  to  28  drills 
would  be  necessary,  and  the  requisite  air  sup- 
pl}'  was  approximated  at,  roughly,   100  ft.  per 


at  their  maximum.  The  three  150-H.  P.  boil- 
ers provided  an  ample  supply  of  steam,  with  ■ 
out  the  assistance  of  the  80-H.  P.  boiler,  and 
the  results  indicate  that  the  preliminary  allow- 
ance was  high,  and  that  about  15-H.  P.  boiler 
capacity  in  this  instance  was  sufficient  to  com- 
press 100  ft.  of  air  per  minute  to  the  gauge 
pressure  of  100  lbs. 

Contributing  to  this  economical  boiler  ca- 
pacity was  the  use  of  anthracite  coal  under 
forced  draft  from  a  steam  jet,  making  practi- 
cally perfect  combustion,  and  a  more  than 
usually  tight   distributing  pipeline. 


British  Pneumatic. 

No.  of         Price  Total 

Distribution.                     •     Rivets.       per  100  Cost. 

s.     d.  i     s.     d. 

Keel     (flat)     6,217          7    o  21  15     2 

Shell     21,628           50  54     I     5 

Tank  margin    1,122          84  4  13    6 

Longitudinals,    open     .  . .  .  ^  24,632           :},     6  43     2     i 

C.    V.    K.    brackets 3J97           36  5  11   10 

Longitudinals    under    tank.        644          50  i   13     2 

Longitudinals,    bars    2,989          36  5     4     7 

Tank  top  stiffeners  1,129          7    0  3  19    o 

Tank   top   margin    4033           42  880 

Tank  top  lugs    1,520          50  3  16    o 

Tank    top    rider    3,209          36  5   12     4 

Tank    top    4.467          36  7  16    4 

C.  V.  K.  vertical  keelson..   12,723           2  10  18     0     6 

Hold  stringer   1,184          42  294 

Floors    123           36  044 

Floors     (odd)     s           5     9  004 

C.  V.  K.   (odd)    38          59  022 

Bulkheads    3,051          42  671 

ii92  17    2 

.Amount   saved   by   machine   over  hand    (British    rates) 

TARLE  2. 
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min.  for  each  drill,  at  100  lbs.  per  sq.  in.,  and 
the  boiler  capacity  at  20-H.  P.  to  each  drill. 
There  was  actually  installed  one  80-H.  P.  and 
three  150-H.  P.  boilers,  all  being  return-tub- 
ular with  brick  arch,  cast-iron  fronts  and  iron 
stacks,  making  a  total  boiler  capacitv  of  530 
H.  P. 

The  selection  of  the  compressors  was  gov- 
erned by  the  plant  on  hand,  and  comprised  one 
Rand  straight-line,  i6x24-in.,  of  about  600  ft. 
capacity,  two  Rand  straight-line.  20x30-in..  each 
of  about  1,000  ft.  capacity.  At  times  all  these 
compressors  were  run  at  about  20%  more  thaii 
their  normal  speed  of  no  rev.  per  min.,  and, 
roughly,  their  combined  capacity  was  increased 
to  3,000  ft.   of  air   per  minute   when   working 


Whenever  a  pipe  line  is  to  be  determined, 
there  is  always  a  balance  to  be  drawn  between 
small  size,  large  friction,  and  small  first  cost, 
and  the  alternate.  Without  pretending  to  any 
accurate  determination  of  these  features,  a 
practical  balance  for  this  particular  work  was 
to  run  a  main  6-in..  sleeve-connected,  wrought- 
iron  pipe  from  the  compressor,  past  the  first 
shaft,  and  up  to  the  second.  This  pipe  was 
reduced  to  4  ins.  between  the  latter  and  a 
receiver  at  the  north  portal.  A  3-in.  pipe  car- 
ried the  line  to  the  bottom  of  each  shaft,  and 
the  further  extension  toward  the  several  faces 
of  attack  was  by  2-in.  pipes  resting  on  the  bot- 
tom, l^mporary  connection  between  the  end 
of  each  pipe  and  the  drills  was  made  by  50  ft. 
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of  2-in.  rubber  hose,  distributed  to  the  several 
drills  by  i-in.  rubber  hose.  The  main  6-in. 
pipe  line  was  laid  uncovered  in  the  streets, 
over  and  parallel  to  the  tunnel,  and  was  laid 
during  hot  weather.  On  account  of  its  posi- 
tion in  the  street,  the  pipe,  while  slightly  sinu- 
ous in  detail,  was  very  nearly  straight  in  its 
general  direction.  Expansion  bends  in  the 
pipe  were  impracticable  on  account  of  its  loca- 
tion, and  as  expansion  joints  are  costly  and 
unreliable,  the  pipe  was  laid  without  any  ap- 
pliance to  take  up  the  change  of  length  caused 
by  variation  in  temperature.  The  line  thus 
laid  gave  no  trouble  in  passing  through  the 
changes  of  temperature  from  summer  to  win- 
ter, and  from  winter  to  summer. 

The  general  method  of  tunneling  was  to 
carry  the  bench  and  top  heading  together,  with 
the  heading  from  50  to  75  ft.  ahead.  A  travel- 
ing framework,  of  half  the  tunnel  width,  and 
with  the  top  at  a  lower  elevation  than  the  top 
of  the  bench,  was  mounted  on  wheels,  which 
ran  on  temporary  rails.  The  frame  admitted 
the  passage  of  two  cars — one  to  be  run  up  to 
the  bench  at  its  side,  and  the  other  under- 
neath. Either  car  could  be  loaded  by  chutes 
from  the  pla-tform,  and,  at  the  same  time,  by 
shoveling  the  bench  excavation.  The  con- 
nections between  the  traveling  platform  and 
the  unexcavated  portion  of  the  bench  was 
formed  with  4-in.  lagging  built  into  a  plank 
24  ins.  wide,  thus  making  a  wheel-barrow  run- 
way between  the  face  of  the  bench  and  the 
movable  platform.  The  heading  spoil  was 
loaded  into  wheel-barrows,  wheeled  over  the 
plank  and  dumped  through  the  chute  on  the 
traveling  frame,  the  whole  operation  being  per- 
formed without  interfering  with  the  loading 
of  the  bench  spoil. 

When  it  became  necessary  to  blast,  the 
planks  were  simply  loaded  on  the  frame  and 
the  latter  moved  back  on  its  wheels  to  a  safe 
distance. 

The  foregoing  method  seems  to  be  so  sim- 
ple and  eflPective  as  to  be  scarcely  worth  de- 
scription. Other  ways  of  handling  bench  and 
heading  material  at  the  same  time  are  advo- 
cated; nevertheless,  the  method  outlined  seems 
to  the  writers  to  be  the  simplest  and  cheapest 

A  peculiarity  of  the  bench  rock,  in  part  of 
this  tunnel,  modified  considerably,  not  only  the 
foregoing  procedure,  but  also  aflfected  the 
timbering.  That  peculiarity  was  a  consequence 
of  the  combined  hardness  and  tenacity  of  the 
bench  material.     To  break   it  out  required  so 


much  explosive  that  the  rock  was  blown 
lengthwise  of  the  tunnel  with  such  force  as  to 
wreck  any  permanent  timbering  erected  within 
200  ft..  In  addition,  block-holing  the  spoil  was 
always  necessary  after  the  first  blasting.  The- 
interruption  to  the  work  of  loading  the  head- 
ing spoil,  caused  by  moving  the  traveling  frame 
out  of  danger,  was  so  serious  as  to  render  it 
impracticable  to  continue  the  simultaneous  ex- 
cavation of  the  heading  and  bench.  The  head- 
ing material,  while  requiring  timber  for  per- 
manent support,  could  be  left  temporarily  un- 
supported ;  the  support  being  required,  not  to 
hold  up  an  overhead  mass,  but  to  prevent  and 
support  exfoliation,  slabbing  and  weathering 
of  the  material.  On  account  of  these  features^ 
the  heading  was  worked  for  a  reasonable  dis- 
tance ahead,  and  the  force  then  dropped  back 
and  split  the  bench   in  two  lifts. 

The  full  section  of  the  tunnel  was  carried 
without  timber  support,  to  the  extent  of  as- 
much  as  300  ft.  The  timbering  was  then 
erected  from  the  bottom,  and  its  full  section 
was  completed  and  packed  from  the  floor  of 
the  tunnel. 

DRILLING    .AND    SHOOTING. 

The  longest  holes  were  the  cut  holes  fired 
first,  which  were  from  8  to  9  ft.  long. 
The  widening  holes  were  from  6  to  8  ft.  long. 
The  round  was  counted  to  make  an  advance 
of  from  4  to  6  ft. 

With  two  354-1"-  machines,  the  time  re- 
quired to  drill  the  holes  was  generally  7  hours. 
The  total  round  drilled  averaged  about  14a 
lin.  ft.  The  completion  of  the  loading,  wir- 
ing, firing  by  battery  in  series,  reconnecting  for 
the  successive  blasts,  and  the  delay  necessary 
between  them  for  the  explosive  fumes  to  be 
blown  out  by  compressed  air  allowed  to  es- 
cape for  this  purpose,  consumed  varying  times, 
from  30  min.  to  2  hours,  or  an  average  of,  say, 
50  or  60  min. 

The  delay  from  shooting  was  greatest  in 
the  portion  of  the  tunnel  excavated  from  the 
shafts.  In  this  portion  the  fumes  seemed  to 
hang  and  accumulate,  not  only  on  the  firing 
side,  but  also  on  the  other  side  of  the  shaft, 
producing  delays  in  both  places. 

The  explosive  was  40  to  50%  dynamite, 
mainly  the  latter,  and  the  cost  per  cubic  yard, 
for  explosives,  caps,  wires,  etc.,  for  all  the 
excavation,  was  equivalent  to  the  cost  of  3^1? 
lbs.  of  40%  dynamiie. 
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COMPRESSED    AIR    SERVICE    AT 
NORWICH,  CONNECTICUT. 

Most  people  are  familiar  with  the  fact  that 
compressed  air  is  sold  in  Paris  for  po,wer  pur- 
poses, being  carried  under  the  streets  through 
pipes.  Few  people,  however,  probably  know^ 
that  the  same  device  is  now  available  in  Nor- 
wich, Conn.  This  has  now  passed  the  ex- 
perimental stage,  and  has  become  one  of  the 
city's  permanent  institutions.  Being  the  only 
thing  of  the  kind  in  the  United  States  and  the 
second  in  the  world,  a  smaller  one  having  first 
been  developed  in  Canada,  the  results  of  the 
experiment  are  being  watched  by  inventors, 
possible  patrons  and  investors  in  most  of  the 
cities  of  this  country  and  many  outside. 

Air  for  the  system  is  compressed  in  a  Taylor 
Hydraulic  Compressor  situated  at  a  point 
about  3  miles  from  the  city  on  the  Shetucket 
River  and  consists  of  a  dam  some  20  or  25 
feet  high  and  a  shaft  sunk  200  feet  in  the 
rock  below  the  dam,  ending  at  that  bottom  in 
an  air  chamber  extending  100  feet  up  the  river. 
This  chamber  being  made  as  near  air-tight  as 
possible,  the  entire  stream  is  conveyed  to  the 
bottom  through  a  lO-foot  iron  pipe,  on  the  top 
of  which  are  suspended  about  1,000  tubes  pro- 
jecting a  few  inches  above  and  about  five  feet 
below  the  surface  of  the  water.  The  falling 
water  draws  air  through  these  tubes  and  car- 
ries it  to  the  bottom  of  the  shaft,  where  it  is 
separated  and  directed  into  the  chamber,  while 
the  water  returns  to  the  surface  outside  the 
pipe  and  is  discharged  into  the  stream,  the  fall 
from  the  dam  giving  it  the  necessary  impetus 
to  carry  the  air  to  the  bottom  and  the  weight 
of  200  feet  of  water  giving  the  air  its  pres- 
sure. 

This  pressure  is  maintained  at  90  pounds 
and  is  regulated  by  a  six-inch  exhaust  pipe 
which  discharges  at  the  surface,  projecting  a 
stream  of  water,  vapor  and  air  many  rods 
down  the  river  with  a  hiss  and  roar  that 
drowns  every  other  sound  in  the  vicinity.  A 
Bristol  recording  pressure  gauge  displays  the 
24-hour  record,  and  so  well  does  the  exhaust 
pipe  perform  its  duty  that  the  little  red  tracer 
on  the  dial  describes  an  almost  perfect  circle. 
From  the  chamber  a  12-inch  iron  pipe  delivers 
the  air  to  the  city,  and  in  spite  of  possible  leak- 
ages, friction  and  use,  the  gauges  at  the  city 
factories  show  little  variation  from  a  contin- 
uous pressure  of  89  pounds.  The  loss,  there- 
fore,  in   conveyance   to   and   distribution   over 


the  city  is  practically  nothing,  and  as  90  per 
cent,  of  the  theoretical  power  of  the  stream 
is  found  to  have  been  carried  into  the  chamber, 
this  would  seem  the  most  perfect  method  for 
transforming  and  conveying  power  yet  de- 
vised. 

From  a  stream  of  2.000  theoretical  horse 
power  this  method  is  said  to  deliver  1,800  to 
the  consumer  at  least  three  miles  away,  and 
the  lengthening  of  the  pipes  to  New  London 
is  in  contemplation.  As  the  demand  for  this 
power  increases  and  exceeds  the  capacity  of 
the  present  plant,  more  may  be  installed  above 
and  below  on  the  same  stream  and  at  far  less 
expense  than  the  cost  of  the  first  one,  said  to 
have  been  between  one  and  one-half  millions. 
The  projectors  believe  the  capacity  of  the 
stream  will  equal  any  possible  ^  demand  of 
both  Norwich  and  New  London. 

The  compressed  air  is  sold  at  the  rate  of  $3.00 
per  horsepower  per  month,  but  this  price  may 
be  materially  reduced  as  the  power  conies 
into  general  use. 


Liquefaction  of  air  is  advantageously  ef- 
fected when  the  air  is  initially  at  its  critical 
pressure  of  about  40  atmospheres,  and  is  cooled 
b\^  the  circulation  around  it  of  air  which  has 
been  cooled  by  expansion,  but  to  no  great  ex- 
tent. An  arrangement  described  by  ^I.  G. 
Claude  in  Comptcs  Rcndus  is  this :  A  tube  is 
connected  with  two  liquefiers  and  an  expanding 
chamber ;  compressed  air  is  led  into  this,  some 
going  to  fill  the  liquefiers  and  the  remainder 
passing  into  the  chamber,  where  it  is  expanded 
to  fall  only  to  about  160  deg.  Cent.,  passing 
then  round  the  first  liquefier  wherein  it  pro- 
duces liquefaction  at  140  deg.,  to  which  temper- 
ature it  rises  itself,  then  passing  on  through 
a  second  similar  expanding  chamber,  whereby 
it  again  falls  to  160  deg.,  afterwards  circulat- 
ing round  the  second  liquefier  and  acting  on  it 
as  before,  and  finally  passing  away  round  the 
inlet  tube  and  so  cooling  the  entering  com- 
pressed air.  By  this  method  850  c.cm.  of  liquid 
air  have  been  obtained  per  h.p.  hour. 


.\n  innovation  is  a  machine  which  takes  in 
the  heated  bar  of  iron  and  makes  the  links 
either  interlocked  or  separate,  making  loo  to 
120  links  of  5^-inch  chain  per  hour.  It  is 
claimed  that  the  machine  made  chain  is  20  to 
25  per  cent,  stronger  than  chain  made  by  hand 
from  the   satue  bar  material. 
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THE  REDFIELD  PNEUMATIC  LOG- 
SAWING  MACHINE 

The  saw,  complete,  consists  of  an  engine, 
frame  and  saw  blade.  The  constructive  details 
of  the  machine  are  such,  that  although  light 
in  weight  it  is  exceedingly  strong  and  durable. 

The  frame  serves  as  a  hanger,  and  is  pro- 
vided with  an  adjustable  hook  to  grip  any  size 
log.  and  requires  no  other  support.  On  each 
s^de  of  the   frame   is  a  bar  with  a  spring  and 


operated  in  any  position  relative  to  the  log. 
The  frame  can  be  raised  or  lowered  in  an 
instant. 

The  engine  is  constructed  entirely  of  solid 
drawn  brass  and  steel  tubing.  Its  main  feature 
— in  addition  to  its  weight  (65  pounds) — is  the 
tubular  valve,  which  is  perfectly  balanced  un- 
der all  conditions,  permitting  the  engine  to 
work  in  any  position.  The  valve  motion  and 
running  gear  are  simple  and  easily  repaired, 
hence,  there  is  no  complication  of  valves  and 


PNEIM.^TIC      LOG      S.WVING      M.ACHINE. 


roller  attachment,  the  roller  being  applied  on 
top  of  saw  blade,  acting  as  feed  and  guide  to 
blade.  The  weight  of  frame  complete  is  85 
pounds.  The  frame  is  manufactured  in  two 
sizes  suitable  to  cut  16  in.  and  24  in.  lengths. 

The  16  in.  frame  is  suitable  for  cutting  logs 
and  stove  wood,  and  since  the  engine  can  be 
operated  on  each  side  of  the  frame,  two  cuts 
can  be  made  in  one  setting.  The  24  in.  frame 
is  suited  to  the  cutting  of  locomotive  wood, 
shingle  bolts,  etc.  An  ordinary  5'-o"  to  8'-o" 
drag  saw  is  used  in  connection  with  this  de- 
vice. Owing  to  the  adjustability  of  the  frame, 
and  oscillation  of  the  engine,  the  saw  can  be 


parts.  The  tubular  valve  is  actuated  by  a 
rocker  arm  that  raises  its  motion  from  two 
cams  fastened  to  the  guide  rod. 

Weight  of  frame  83  pounds. 

Weight  of  engine  63  pounds. 

Capacity  of  saw  in  logs  300  per  day  of  10 
hours. 

Twenty  cords  of  4-foot  wood  or  ten  cords 
of  2-foot  wood  per  days  of  10  hours. 

Ordinary  working  pressure  required  75 
pounds. 

Normal  number  of  strokes  per  minute  65. 

Maximum  number  of  strokes  per  minute  150. 

Cubic  feet  of  free  air  consumption  at  65 
strokes  per  minute,  33. 
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Vol.  XI.      NOVEMBER,  1906.      No.  9. 

M.A.NY  of  our  readers  probably  noticed  a 
very  obtrusive  and,  what  must  seem  to 
them,  inexcusable  error  which  appeared 
at  the  close  of  our  editorial,  entitled  "Are  We 
Being  Superseded,"  in  the  last  issue  of  Com- 
pressed Air.  This  was  nothing  less  than  the 
omission  of  the  sub-figure  2  in  our  abbreviation 
of  carbon  dio.xide.  We  hasten  to  assure  them 
that  the  error  was  not  our  fault,  in  fact,  we  did 
everything  in  our  power  to  correct  it.  We 
noticed  it  in  the  first  proof  submitted  to  us  and 
made  the  necessary  correction.  When  the  page 
proof  arrived,  liowever,  the  same  error  was  in 
evidence,  the  type-setter  evidently  considering 
it  beneath  his  dignity  to  trouble  himself  in 
such  a  small  matter.  We  accordingly  made  the 
correction  a  second  time  and  very  foolishly 
marked  the  proof  "O.  K.  as  corrected"  with  the 
result  that  the  correction  never  was  made  and 
the  writer  found  himself  in  the  enviable  posi- 
tion of  not  appearing  to  know  the  difference 
between  carbon  monoxide  and  carbon  dioxide 


(kindly  notice  that  we  do  not  venture  to  use 
chemical  symbols  a  second  time  but  content 
ourselves  with  plain  English). 


PROF.    HAUPT    ON  TUNNELS 

We  publish  from  the  Journal  of  the  Frank- 
lin Institute  some  interesting  notes  on  tun- 
nels written  by  Professor  Haupt.  These 
notes  are  in  very  concise  form  and  embody  a 
good  deal  of  valuable  tunnel  information,  par- 
ticularly with  reference  to  progress  and  costs. 
Professor  Haupt  is  qualified  to  speak  under- 
standingh'.  His  father.  General  Herman 
Haupt  was  the  engineer  of  the  Hoosac  tun- 
nel in  }klassachusetts.  five  miles  in  length, 
begun  in  1854.  and  generally  spoken  of  as  the 
first  tunnel  to  use  machine  drills  in  its  con- 
struction. The  Hoosac  tunnel  showed  the 
possibility  of  drilling  rock  by  machinery,, 
though  it  cannot  be  said  that  the  rock  drills 
used  there  were  a  success  because  of  the  ex- 
traordinary expense  in  repairs,  which  it  was 
said  only  the  State  treasury  of  Massachusetts 
could  stand.  Since  the  daj'S  of  the  Hoosac 
tunnel  the  perfection  of  the  air  drill  has  re- 
sulted in  extensive  tunnel  construction,  the 
most  notable  instance  being  that  of  the 
Simplon  tunnel  in  Switzerland,  recently  com- 
pleted. Two  systems  are  in  use  for  driving 
tunnels  by  machinery — one  known  as  the 
European  system,  by  means  of  which  heavy 
drills  are  mounted  on  carriages  in  headings, 
and  the  .\merican  system,  which  involves  light 
drills  mounted  on  columns  whicli  are  jacked 
in  the  headings.  It  is  worthy  of  note  that 
in  the  case  of  the  Simplon  tunnel  the  Eu- 
ropean system  has  been  modified  and  per- 
fected to  a  point  of  extreme  simplicity.  The- 
old  cumbersome  tunnel  carriage  which  oc- 
cupied nearly  the  entire  area  of  the  heading 
has  been  abandoned  and  a  small  carriage  used' 
which  is  no  longer  than  a  wheel-barrow  and' 
which  carries  a  horizontal  shaft  bar  operated 
by  hydraulic  power.  The  drills  used  in  the 
Simplon  tunnel  were  hydraulic  machines  of 
30  PI.  P.  capacity  each.  From  4  to  6  machines 
were  mounted  on  this  horizontal  bar  and  the 
drilling  of  the  holes  was  done  in  most  in- 
stances with  a  single  location  of  the  bar  in 
the  heading ;  that  is,  this  bar  carrying  the- 
drills  was  lifted  hydraulically  until  it  reached' 
a  point  approximately  the  center  of  the  head- 
ing, when  through  hydraulic  power  it  was- 
jacked  against  the  walls  of  the  tunnel  and  the- 
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holes  were  put  in  at  varying  angles  by  swiv- 
elling the  drills  upon  the  bar.  To  do  this, 
following  the  American  system,  would  be 
out  of  the  question  as  the  holes  when  blasted 
would  not  bottom  properly,  but  it  worked 
successfully  in  the  Simplon  tunnel  because  the 
system  there  involved  holes  of  3  inches  in 
diameter  and  from  3  to  4  feet  only  in  depth. 
Obviously  the  deep  hole  such  as  we  use  in 
America  in  the  headings,  and  which  bottoms 
from  S  to  12  feet  from  the  face,  involves  more 
care  as  to  the  exact  angle  at  which  the  hole 
is  to  be  put  in  than  a  hole  of  shallow  depth. 
If  the  shallow  hole  will  serse  the  purpose  a 
great  deal  of  time  and  expense  is  saved. 
Another  point  of  advantage  in  the  shallow- 
hole  of  large  diameter  is  that  w'hen  blasting 
it  throws  the  rock  some  distance  from  the 
heading.  At  Simplon  they  were  not  troubled 
by  the  extensive  banking  up  of  the  muck  near 
the  heading  because  blasts  were  frequent, 
sometimes  two  and  three  a  shift,  and  it  was 
usual  to  run  three  8-hour  shifts.  The  shal- 
low holes  of  large  diameter  were  loaded  al- 
most to  the  muzzle  and  the  rock  was  so 
scattered  that  it  was  an  easy  matter  to  bring 
the  little  carriage  forward  to  the  heading  for 
another  round.  The  system  employed  at  Simp- 
lon, and  the  use  of  drills  of  30  H.  P.,  is  the 
real  reason  why  such  remarkable  progress 
was  made  there.  The  popular  idea  that  this 
progress  wal  due  to  the  use  of  hydraulic  drills 
is  a  mistake.  It  is  due  in  the  first  place  to  the 
system  employed,  to  the  use  of  drills  of  large 
horse  power,  to  the  hydraulic  carriage  and 
mountings,  and  to  the  fact  that  having  so  long 
a  tunnel  to  drive  (1214  miles)  they  reached 
almost  perfection  in  doing  a  kind  of  work 
which  was  duplicated  from  day  to  day. 

The  American  system  exists  to-day  as  it 
was  25  years  ago.  The  New  York  Aqueduct, 
built  twenty  years  ago,  the  longest  rock 
tunnel  ever  driven  in  America,  consisted 
of  about  thirty-one  shafts  separated  about 
a  mile  apart  each.  The  excavation  was  16 
ft.  in  diameter  of  rock  section  and  the  ma- 
chinery used  and  its  mounting  was  identical 
with  that  employed  to-day  by  Messrs  Pear- 
son and  others  in  the  construction  of  rock 
tunnels  under  the  rivers  about  New  York. 
The  one  important  advance  has  been  in  the 
saving  in  rock  drill  repairs,  due  to  better  de- 
sign, material  and  workmanship  in  the  ma- 
chines. There  has,  however,  been  a  distinct 
tendency  toward  the  use  of  larger  and  more 


powerful  rock  drill.s.  but  tiiere  is  always  the 
limit  of  weight  to  contend  with  when  using 
the  American  system  of  mounting  on  col- 
umns, so  that  American  engineers  in  their  ef- 
forts to  get  better  work  by  the  use  of  larger 
drills  are  held  in  check  by  the  fact  that  an 
essential  condition  of  the  use  of  a  rock  drill 
in  a  tunnel  employing  the  American  system 
is  that  it  can  be  lifted  to  its  place  on  the  col- 
umn by  three  or  four  men.  We  look  for  im- 
provement in  this  line  by  the  adoption  of  car- 
riages similar  to  those  used  at  Simplon  and 
by  the  use  of  percussive  drills  of  larger  diame- 
ter. Such  a  combination  would  result  in  the 
adoption  of  the  shallow  hole  of  large  diameter 
as  against  the  deep  hole  in  the  heading,  and 
in  this  way  the  problem  of  mucking  would 
be  simplified. 

Another  improvement  in  sight  is  the  adop- 
tion of  the  channeling  process  in  headings  in 
place  of  the  cut  holes.  It  has  been  demon- 
strated in  New  York  City  that  it  is  perfect- 
1}'  practicable  by  the  use  of  a  machine  similar 
to  an  ordinary  rock  drill  to  insert  a  channel 
directly  across  the  heading  and  to  a  reason- 
able depth, — in  this  way  making  a  release  line 
toward  which  to  direct  the  blasting.  The  im- 
portance of  this  in  tunneling  under  founda- 
tions of  buildings  cannot  be  over-estimated. 
The  channel  does  in  a  tunnel  heading  what 
it  has  long  ago  accomplished  in  stone  quarry- 
ing; that  is,  it  reduces  to  a  minimum  tha 
shock  of  the  blast,  which  is  always  greatest 
when  discharging  the  center  cut  from  the 
heading. 


AIR  DRILLS  VS.  ELECTRIC 
DRILLS. 

Readers  of  COMPRESSED  AIR  will  prob- 
abl\-  remember  an  article  by  Granville  E.  Pal- 
mer on  the  comparative  merits  of  compressed 
air  and  electric  rock  drills,  which  was  written 
for  this  paper  and  appeared  in  the  June  issue 
(Vol.  XI,  No.  4).  It  may,  therefore,  be  of 
interest  to  them  to  know  that  the  Engineering 
and  Mining  Journal  reprinted  this  article 
(without,  by  the  way,  givinging  COM- 
PRESSED AIR  any  credit  for  having  pub- 
lished it  originally)  with  the  result  that  a 
very  interesting  discussion  has  been  started  in 
its  correspondence  columns  among  mining 
men  who  have  tried  both  types  of  drill. 

Taken  all  in  all.  the  general  opinion  would 
seem  to  be  in  favor  of  the  air  drill,  although 
the  Temple  electric-air  drill  seems  to  have  met 
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with  considerable  favor.  This  drill,  however, 
as  far  as  the  drill  proper  is  concerned,  is  in 
realitj-  an  air  drill  in  its  simplest  form  and 
using  air  expansiveh^  Speaking  of  this  drill, 
;Mr.  H.  B.  Barnes  states  that  the  "Temple  drill 
has  proved  quite  satisfactor\'  in  the  Leadville 
district,  being  used  in  the  largest  tunneling 
operations,  in  which  line  it  has  done  some  re- 
markable work  as  is  shown  by  the  figures  given 

below in   drilling  a   round   of  holes   in 

a  breast  of  iron,  and  zinc  sulphide  recently  by 
a  Temple  5A  drill,  the  men  working  at  ordin- 
ary rate  and  not  under  any  forced  speed;' 
Hole  No.  I.  Cutting  Speed.  Power. 

1st  steel.  4V2  in.  per  min.     4      h.p. 

2d  steel.  7       in.  per  min. 

3d  steel.  8       in.  per  min.     4 

4th  steel,  7  ft.  long  7       in.  per  min.     4 


15 


J  I/, 


h.p. 
h.p. 
h.p. 


INTERCOOLERS    FOR    AIR     COM- 
PRESSORS. 

The  general  subject  of  air  compressor  de- 
sign has  received  very  little  attention  at  the 
hands  of  the  technical  press  and  there  is  prob- 
ably less  reliable  data  available  upon  the  sub- 
ject than  on  the  design  of  almost  any  other 
class  of  machinery.  COMPRESSED  AIR  has 
always  endeavored  to  keep  its  readers  informed 
of  the  latest  information  to  be  had  on  this  im- 
portant subject  and  from  time  to  time  has 
published  articles  of  importance  bearing  di- 
rectly on  air  compressor  design.  In  July,  1901, 
(Vol.  VI,  No.  5)  we  published  a  compre- 
hensive article  on  the  subject  of  valves  and 
valve  areas  for  air  cylinders,  and  later  have 
published    many   other    articles    containing   in- 
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Speaking  of  the  other  makes  of  electric  drills 
Mr.  Barnes  says :  "In  my  opinion  there  is  as 
yet  no  electric  drill  able  to  compete  with  the 
small  air  drills.  The  Box  is  probably  the  most 
practical  now  on  the  market  for  light  mining, 
and,  when  given  reasonably  careful  handling, 
will  do  good  work.  The  personal  factor  enters 
more  into  the  operation  of  electric  drills  than 
anywhere  else,  the  careful  operator  being  the 
chief  necessity  for  successful  work ;  unfortu- 
nately, however,  he  is  extremely  hard  to  find." 

This,  we  believe,  sums  up  in  a  few  words  the 
electric  drill  situation,  as,  with  one  exception, 
these  drills  require  the  most  careful  handling 
in  order  that  good  results  may  be  obtained, 
and  anyone  who  has  seen  the  treatment  that 
the  ordinary  drill  runner  gives  his  drill,  will 
be  inclined  to  believe  that  the  electric  drill  is 
up  against  an  extremely  difficult  proposition. 


formation  and  data  of  value  to  designers  and 
builders  of  air  compressors.  As  a  general 
rule,  it  might  be  said  that  the  men  who  are  in 
a  position  to  write  authoritatively  upon  the 
subject  keep  their  knowledge  to  themselves  and 
seldom  publish  facts  and  figures  which  would 
be  of  value  to  the  designer.  It  is  therefore 
of  more  than  passing  interest  to  note  an  article 
by  Mr.  H.  V.  Haight  in  a  recent  issue  of 
American  Machinist,  treating  of  the  proper 
design  of  intercoolers  for  air  compressors.  Mr. 
Haight  was  confronted  with  the  problem  of 
designing  two  air  compressors  of  4,000  cu.  ft. 
of  free  air  per  minute  capacity  in  connection 
with  which  it  was  guaranteed  that  the  temper- 
ature of  the  air  passing  from  the  low  pressure 
to  the  high  pressure  cylinders  should  be  re- 
duced to  within  15  degrees  of  the  temperature 
of    the    cooling    water    supplied    to    the    inter- 
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cooler.  In  eacli  case  there  was  a  penalty  of 
$150  per  degree  for  every  degree  more  than 
15,  and  a  bonus  of  $150  for  every  degree  less 
than  15. 

In  order  that  some  exact  information  might 
be  had  on  the  subject,  a  thorough  test  was 
made  of  a  Rand  two-stage  machine  b\-  Air.  F. 
C.  Weber,  the  results  of  which  we  reproduce 
in  Figures  i  and  2.  In  this  test  the  compres- 
sor was  run  but  a  short  period  at  each  speed, 
not  long  enough  for  the  temperatures  to  come 
to  their  final  values,  and  two  sets  or  readings 
were  taken,  one  as  the  speed  was  being  in- 
creased step  by  step  and  one  as  it  was  being 
decreased  step  by  step.  These  results  were 
plotted,  as  shown  in  Figure  i.  (Figure  2  shows 
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FIG.     2.     TEST   OF   A   LARGE  COMPRESSOR    WITH 
LARGE  INTERCOOLER. 

the    corner    sciuare    of    Figure    i    drawn    to    a 
larger    scale.) 

Mr.  Haight  draws  a  number  of  interesting 
conclusions  from  these  diagrams,  among  which 
might  be  mentioned  the  fact  that  to  reduce  the 
temperature  of  the  air  to  within  10  degrees 
of  the  temperature  of  the  water  requires  an 
intercooler  twice  as  large  as  one  to  reduce 
the  temperature  to  20  degrees  above  the  tem- 
perature of  the  water,  while  an  intercooler  to 
reduce  the  temperature  to  i  degree  above  tem- 
perature of  the  water  would  require  to  be  10 
times  as  large  as  one  to  reduce  the  temperature 
of  the  air  to  10  degrees  above  that  of  the  cool- 
ing water.  The  quantity  of  heat  transmitted 
through  a  given  area  of  the  tube  surface  var- 
ies as  the  square  of  the  difference  in  tempera- 
ture. 


.Vnothcr  interesting  point  brougiit  out  by  the 
experiments  is  that  copper  tubes  are  less  effi- 
cient than  iron  tubes,  presumably  because  cop- 
per tubes  are  very  smooth,  while  iron  tubes- 
are  somewhat  rough,  which  practically  in- 
creases the  real  area  of  the  surface,  some- 
w-hat  on  the  principle  of  a  pin  radiator  or  art 
air-cooled  automobile  engine  cylinder. 

It  is  gratifying  to  note  that  from  the  in- 
formation acquired  in  making  the  above  tests,. 
Mr.  Haight  was  enabled  to  design  an  inter- 
cooler which  reduced  the  temperature  of  the 
air  to  within  5  degrees  of  that  of  the  water  and! 
so  earned  a  bonus  of  $1,500  for  his  company. 


WORKING      UNDER      HIGH      AIR 
PRESSURES 

Matthew  Vingol.  in  a  recent  issue  of  the 
Eiigiiiccriusr  and  Mining  Journal,  writes  that 
on  account  of  the  extended  tunneling  opera- 
tions beneath  the  Seine,  for  the  various  lines. 
of  the  Paris  Metropolitan  railway,  the  Pre- 
fect of  the  Seine  thought  well  to  obtain  the 
opinion  of  a  committee  appointed  to  consider 
the  hygienic  conditions  of  the  workers  in  com- 
pressed-air workings,  and  to  this  end  a  com- 
mission, composed  of  Drs.  Armand  Gautier, 
Roux,  Haller  and  Walckemur  were  appointed 
early  in  the  year.  The  report  of  this  com- 
mittee has  been  presented  to  the  Academy  of 
Medicine  and  contains  the  following  conclu- 
sions, which  should  be  of  interest  to  engineers 
engaged  in  tunneling  operations : 

1.  That  so  long  as  work  in  the  compressed 
air  is  done,  as  at  present,  under  pressures  less 
than  2  kg.  per  square  centimeter  above  the 
surrounding  air  pressure  the  duration  of  work 
may  be  the  same  for  the  workmen  as  in  work 
in  the  open   air. 

2.  It  would  be  an  advantage  from  the  point 
of  view  of  the  health  of  the  tunnel  workers 
that  they  be  submitted  but  once  during  24 
hours  to  the  change  of  pressure  necessitated 
by  work  in  the  caissons.  The  duration  of 
work  should  be  a  maximum  of  10  hours  con- 
secutively, including  time  of  entering  and  leav- 
ing the  caissons. 

.3.  In  case  it  is  necessary  tiiat  the  work- 
men start  work  twice  within  24  hours  a  com- 
plete repose  of  eight  hours  at  least  is  necessary 
between  such  starts.  In  any  case  overwork 
and  accidents  can  only  be  avoided  by  the  ob- 
servance  of   tiie    rules   indicated   below. 
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4.  ^Medical  inspections,  periodical  and  fre- 
quent, are  essential  to  verify  the  physical 
aptitude  of  the  workers  for  work  in  com- 
pressed air,  as  much  for  new  workmen  as  for 
the  experience  workers  engaged. 

5.  The  duration  of  the  period  of  entrance 
and  exit  from  the  workings  by  stages  should 
not  be  less  than  five  minutes  per  kilogram 
pressure. 

6.  The  exit  from  the  pressure  should  al- 
ways be  long  and  progressive  and  such  dispo- 
sitions should  be  taken  that  the  pressure 
should  not  be  equilibrated  in  less  than  four 
minutes.  An  experienced  and  responsible  man 
should  be  appointed  to  oversee  the  duties  con- 
nected with  the   equilibrating  of  the  pressure. 

7.  In  each  caisson  a  medical  post  should 
be  established  for  immediate  needs. 

In  view  of  the  importance  of  these  recom- 
mendations, which  are  subscribed  to  by  the 
"best  medical  men  in  Paris,  it  is  highly  prob- 
able that  they  will  be  accepted  in  their  entire- 
ty for  the  compressed-air  workings  beneath 
the   Seine. 


TRADE  PUBLICATIONS 

The  Chicago  Pneumatic  Tool  Company, 
Fisher  building,  Chicago,  announce  the  fact 
that  they  will  receive  from  the  printers  their 
new  compressor  catalog,  consisting  of  118 
printed  pages,  printed  in  two  colors,  in  which 
several  new  tj^pes  and  sizes  of  compressors 
are  shown,  including  their  new  Hamilton 
Corliss  machines.  Those  interested  will  re- 
ceive a  copy  on  request.  This  company  has 
also  issued  Catalog  No.  19,  devoted  to  Kel- 
ler stone  carving  tools  and  plug  drills.  This 
catalog  is  handsomely  illustrated,  printed  on 
heavy  paper,  6x9,  50  pages. 

Western  Wheel  Scraper  Company,  Aurora, 
111.  New  edition  of  their  catalogue  devoted 
to  wheel  scrapers,  drag  scrapers,  Western  re- 
versible steel  road  machine,  rock  crushers,  fiat 
cars,  dump  cars,  etc.    One  hundred  pages,  7x10. 

Willis  Shaw,  Chicago,  111.  Six  page  booklet 
devoted  to  a  description  of  Quincy  hoists,  with 
table  of  horsepowers,  sizes,  net  prices,  etc. 

Stanley-G.  I.  Electric  Manufacturing  Com- 
pany. Bulletin  609,  superceding  bulletins  25 
and  194,  devoted  to  G.-I.  floor  and  wall  outlet 
boxes.  Circular  786  devoted  to  the  new  type 
K  arc  lamps.  Circular  787  devoted  to  direct 
current  motors  and  generators.  All  Stanley- 
G.  I.  literature  is  obtainable  by  addressing  the 
company  at  Pittsfield,  Mass. 


The  Philadelphia  Lubricator  and  Manufac- 
turing Co.,  Inc.  1525,  Land  Title  building,  Phil- 
adelphia, Pa.  Twelve  page  booklet  devoted 
to  a  description  of  the  Philadelphia  grease  cup. 

C.  T.  Carnahan  Mfg.  Co.,  36th  and  Wazee 
streets,  Denver,  Colo.  Fort}^  page  booklet, 
7/^x5,  devoted  to  the  Murphy  air  hammer 
rock  drill.  Fulh'  illustrated  and  containing 
notes  on  steel,  automatic  feeders,  standards, 
cleaners,  sharpening  tools,  etc. 

Traylor  Engineering  Company,  114  Liberty 
street,  New  York.  Handsome  56  page  cata- 
log, 6^4^9;  devoted  to  stamp  milling  machin- 
ery, stamp  mills,  mortars,  ore  feeders,  rock  and 
ore  crushers,  amalgamating  pans,  settlers,  agi- 
tators, retorts,  etc. 

Hardsocg  Wonder  Drill  Company,  Ottum- 
wa,  Iowa.  Devoted  to  a  description  of  the 
Little  Wonder  Side  Valve  Drill,  the  Little 
Wonder  trigger  valve  drill.  Wonder  air  feed 
drill.  Great  Wonder  mounted  drill  and  the 
Wonder  air  feed  mounted  drill.  Twenty-four 
pages,  6x9. 

The  Automatic  Refrigerating  Co.,  Hartford, 
Conn.  Twelve  page  booklet,  illustrating  and 
describing  their  automatic  ammonia  refriger- 
ating plants. 

Baldwin  Locomotive  W^orks,  Philadelphia, 
Pa.  Record  No.  58,  being  a  handsomely 
printed  book  illustrating  and  describing  the 
ceremonies  coincident  to  the  unveiling  of  the 
statute  of  Mathias  W.  Baldwin  in  front  of  the 
main  office  building  of  the  company. 

Wier  and  Craig  Mfg.  Co.,  2421  Wallace 
street,  Chicago,  111.  Eight  page  booklet  de- 
scribing the  Pilling  Air  Engine  for  turntable 
devices,  transfer  tables,  portable  and  station- 
ary hoists. 

Western  Tube  Company,  Kewanee,  111. 
Booklet  treating  of  a  new  discovery  in  bronze 
mixture  known  as  "High  Duty  Metal."  This 
metal,  when  subjected  to  high  temperatures, 
shows  a  loss  in  efficiency  of  only  5.6%,  while 
ordinary  mixtures  show  a  loss  of  efficiency 
of  from  400  to  500%  when  subjected  to  the 
same  conditions.  This  metal,  therefore,  marks 
a  great  advance  over  other  mixtures  for  the 
use  of  high-speed  tools. 

A.  &  Z.  Daw.  II  Queen  Victoria  St.,  Lon- 
don, E.  C,  England.  Catalog  7^914  devoted 
to  compressed  air,  its  production  and  use.  This 
catalog  contains  a  very  thorough  description 
of  the  "Daw"  Patent  Compressor  for  air  and 
gas.  It  also  treats  of  blowing  engines,  air 
washers,   intercoolers,  aftercoolers,  air  reheat- 
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ers,  and  auxiliary  plants.  The  catalog  is  well 
worth  having  as  it  contains  many  valuable 
curves  and  tables  covering  the  theory  and  prac- 
tice of  compressed  air. 

Association  of  Licensed  Automobile  Manu- 
facturers, 7  E.  42nd  St.,  New  York.  Bulletin 
No.  18.  8i'2Xir,  setting  forth  this  association's 
standard  for  Hexagon  head  screws,  castle  and 
plate  nuts  with  many  diagrams,  tables  and  de- 
tailed specifications. 

Ingersoll-Rand  Company,  11  B'way.  New 
York.  Catalog  No.  452B,  6x9.  devoted  to  a 
description  of  the  latest  models  of  Ingersoll- 
Sergeant  Rock  Drills.  It  gives  tabulated  spe- 
cifications of  each  type  and  size,  with  com- 
ments on  the  work  for  which  each  is  adapted. 
A  list  of  44  questions  covering  the  problems 
of  rock  drilling  under  all  conditions  is  included 
in  the  book.  The  catalog  closes  with  several 
pages  devoted  to  tables  of  useful  information 
on  compressed  air. 

Curtis  &  Co.  ■Manufacturing  Company,  St. 
Louis,  Mo.  Eight-page  booklet  35^x6^,  illus- 
trating and  describing  single  and  double  eye 
beam  traveling  cranes,  light  bridge  cranes,  low 
head  room  traveling  cranes,  and  pneumatic 
hoists. 

Pullman  Manufacturing  Company,  Roches- 
ter, N.  Y.  Catalog  6x9,  102  pages,  describing 
the  numerous  hardware  specialties  manufac- 
tured by  this  company.  The  catalog  is  pro- 
fusely illustrated  and  contains  many  tables, 
specifications  and  prices. 


A  Hungarian  physician  has  invented  an  ap- 
paratus which,  producing  alternate  com- 
pressions of  air  and  vacuums,  causes  pa- 
tients who  are  apparently  dead  to  breathe  with 
all  the  natural  motions  of  a  live  person.  In  the 
case  of  persons  who  are  taken  unconscious 
from  the  water  or  suffering  from  asphyxiation 
as  a  result  of  inhaling  deadly  gases,  or  who 
have  ceased  breathing  from  electric  shock — in 
all  these  cases  life  is  frequently  saved  after  one 
to  four  hours  of  artificial  respiration.  Many 
deaths  occur  not  because  means  of  artificial 
respiration  are  not  resorted  to,  but  because 
people  do  not  use  proper  means.  To  work  the 
arms  properly  requires  practice.  This  new 
device  will  do  away  with  all  this  and  if  put 
in  general  use  we  may  expect  a  lessening  in 
the  number  of  summer  tragedies. 


To  the  Editor  of  Compressed  Air : 

Dear  Sir  : — I  am  in  receipt  of  a  circular  from 
the  Samson  Leather  Tire  Co.,  12  West  23rd 
St.,  New  York,  in  which  occurs  the  following 
paragraph  : 

"The  pressure  of  the  air  inside  a  tube  heated 
from  68°  to  194°  makes  an  increase  of  only 
one-eighth,  viz :  a  tire  inflated  with  85  lbs.  per 
square  inch,  on  an  ordinary  temperature,  will 
increase  to  95.63  lbs.  should  the  tire  become 
^heated  as  much  as  is  possible  for  it  to  be.  But 
this  pressure  will  not  harm  the  tire,  which  fact 
has  been  proven  by  our  recent  e.xperiment  in 
inflating  a  920x120  (36x4^2)  Samson  Racing 
Model  as  much  as  possible,  which  experiment 
has  given  the  following  result : 

"The  tire  reached  a  pressure  of  426  lbs.  per 
square  inch  and  at  that  point  the  bead  became 
loose  from  the  rim,  but  the  tire  did  not  ex- 
plode." 

In  reading  this  paragraph  it  struck  me  that 
the  figures  of  the  Samson  Company  were  not 
altogether  accurate,  and  I  accordingly  made  a 
few  calculations  on  the  subject  myself  which 
tended  to  confirm  me  in  my  opinion.  I  would 
greatly  appreciate  it,  however,  if  you  would 
inform  me  of  the  correct  solution.  I  realize, 
of  course,  that  the  matter  is  of  very  little  im- 
portance and  simply  desire  the  information  as 
a  matter  of  interest. 

J.    S.    COOKSOM. 

The  absolute  pressure  of  air  varies  directly 
as  the  absolute  temperature  when  the  volume 
remains  constant.  The  absolute  pressure  in 
this  case  is  85  -j-  15  =:  100  lbs.  per  square  inch. 

The  absolute  temperatures  are: 

68 -+-461  =  5-29 
and    194  +  461  =  655 
then  529   :  655  : :  100    ;  x 
From  which  x  =  123.81  lbs.  per  square  inch 
absolute,  or  108.81  lbs.  gauge,  instead  of  95.63 
as  given  in  the  Samson  circular.     It  is  evident, 
therefore,  that  this  company  made  an  error  in 
its  calculation. 
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THE  COST  OF  LEAKAGE  IN  COM- 
PRESSED AIR  PLANTS. 

Few  people  realize  that  leakage  plays  an 
important  part  in  the  efficient  operation  of  a 
compressed  air  plant.  Many  concerns  will  go 
to  great  expense  in  installing  high  class  air 
compressors  with  compound  steam  cylinders 
and  two  stage  air  cylinders,  but  when  it  comes 
to  installing  the  pipe  line  the  utmost  care- 
lessness is  displayed,  the  same  fittings  being 
used  that  would  apply  to  a  steam  line  without 
the  fact  being  taken  into  consideration  that 
steam  and  air  are  two  verj-  different  mediums. 
The  heat  of  the  steam  tends,  of  its  own  ac- 
cord, to  keep  joints  tight  which,  if  cold,  would 
leak  considerabl}'.  One  has  only  to  go  into 
an  ammonia  refrigerating  plant  to  be  con- 
vinced of  this  fact.  In  such  a  plant  special 
ammonia  fittings  are  generally  installed  to 
guard  against  leakage  in  cold  pipe  joints. 
These  fittings  comprise  a  pair  of  flanges  with 
a  rubber  sleeve  held  between  them  which  is 
compressed  when  the  flanges  are  drawn  to-  • 
gether.  One  would  naturally  believe  that  such 
a  connection  would  be  absolutely  tight,  but  this 
is  not  always  the  case  as  there  are  very  few 
ammonia  plants  in  which  the  odor  of  ammonia 
is  absent.  How  much  more  must  this  leak- 
age be  in  a  compressed  air  plant  where  or- 
dinary pipe  fittings  are  in  use  and  where  the 
escape  of  air  is  not  noticeable  to  the  senses 
and  so  is  less  likely  to  be  detected. 

In  order  that  an  estimate  may  be  made  of 
the  cost  of  compressed  air  leakage,  the  fol- 
lowing figures  have  been  compiled  to  cover  the 
compressed  air  plants  in  ordinary  use.  i.  e.,  the 
large  central  power  plant,  the  medium  plant 
for  mines  and  quarries,  and  the  small  plant 
for  manufacturing  establishments. 

THE     CENTR.XL     COMPRESSED     AIR     POWER     PLANT. 

This  plant,  while  often  very  much  larger, 
we  will  consider  to  have  a  capacity  of  lo.ooo 
cu.  ft.  of  free  air  per  minute  and  assume  that 
there  is  leakage  of  i  per  cent.,  or  loo  cu.  ft, 
of  free  air  per  minute.  The  horse  power  re- 
quired to  compress  loo  cu.  ft.  to  lOO  lbs.  in  a 
two-stage  compressor  would  be  17.6  (allowing 
15  per  cent,  for  friction  in  the  machine).  Con- 
sidering the  cost  of  this  power  to  be  2  cents 
per  horsepower  per  hour,  the  cost  of  the  leak- 
age will  be  25.2  cents  per  hour,  or  $3.52  per 
ten  hour  day,  amounting  to  $1,056  at  the  end 


of  the  year  of  300  working  daj^s.  Even  if  the 
leakage  only  amounted  to  one-half  of  i  per 
cent.,  the  loss  would  come  to  over  $500  per 
year. 

THE   MEDIUM    PLANT. 

We  may  assume  that  this  plant  has  a  capac- 
ity of  1000  cu.  ft.  of  free  air  per  minute.  If 
we  consider  the  leakage  to  be  i  per  cent.,  as  in 
the  first  case,  the  loss  would  amount  to  35 
cents  per  day,  or  $105  per  annum. 

THE    COMPRESSED    AIR    PLANT    FOR    MANUFACTUR- 
ING ESTABLISHMENTS. 

This  plant  is  most  frequently  of  a  capacity 
of  about  500  cu.  ft.  of  free  air  per  minute,  but 
the  percentage  of  leakage  should  be  figured  a 
little  higher  than  in  the  previous  plants,  owing 
to  the  fact  that  more  pains  are  taken  with  the 
larger  and  more  expensive  plants  in  the  in- 
stallation of  mechinery  and  piping  than  is  the 
case  with  smaller  and  cheaper  plants.  Further- 
more, most  manufacturing  establishments  re- 
quire a  more  complicated  distribution  of  the 
compressed  air  and  the  installation  of  more 
valves,  bends  and  outlets  is  needed.  It  is  there- 
fore more  fair  to  consider  the  leakage  as  be- 
ing 2  per  cent,  in  these  cases.  The  compressor 
will  very  likely  be  a  single  stage  one  and  the 
horsepower  required  to  compress  the  leakage 
of  TO  cu.  ft.  per  minute  to  100  lbs.  pressure 
will  be  .207  X  10  =  2.07.  At  2  cents  per  horse- 
power per  hour  this  leakage  would  cost  41.4 
cents  per  ten  hour  day.  or  $124.20  per  year. 

It  will  thus  be  seen  that  in  every  plant  the 
problem  of  leakage  is  an  important  one.  But 
leakage  is  not  the  only  item  of  expense  in  con- 
nection with  a  compressed  air  installation ; 
there  is  also  the  cost  of  maintaining  the  pipe 
lines  in  good  condition,  replacing  gaskets,  tight- 
ening up  joints,  etc.  This  usually  amounts  to  a 
considerable  expense  and  should  be  taken  Into 
consideration  by  compressed  air  users.  It  is 
to  counteract  these  losses  that  the  Goldschmidt 
Thermit  Company,  43  Exchange  place.  New 
York  City,  are  introducing  their  Thermit  Pro- 
cess for  welding  the  joints  in  compressed  and 
refrigerating  pipe  lines  and  thus  produce  a  con- 
tinuous line  of  pipe  in  which  leakage  would 
be  entirely  impossible  and  the  cost  of  main- 
tenance eliminated. 


THE  GIROUX  HOT  BLAST  TOP. 

Among  the  recent  shipments  made  to  Mex- 
ico from  the  works  of  the  Traylor  Engineer- 
ing  Co.,  at  Allentown.   Pa.,   was   a  42"  x  160" 
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copper  smelting  turnace  lf>r  the  National 
Metallurgical  Co.,  of  .vlatehaula.  This  fur- 
nace was  to  be  fitted  with  a  Giroux  Hot  Blast 
Top.  This  Top  has  since  been  completed  and 
shipped.  Illustrations  of  t..e  top  showing  it 
complete,  and  also  m  process  of  erection, 
showing  the  internal  construction,  are  given 
herewith.  These  are  made  from  photographs 
at    the    Allcntown    works,    where   the   Traylor 


Engineering  Co.  assembles  and  erects  all  of  its 
machinery  complete  before  shipment.  The 
Giroux  Hot  Air  Blast  Top  is  without  doubt 
one  of  the  most  important  money  saving  in- 
ventions for  the  smelting  furnace  owner  that 
has  been  put  on  the  market  in  many  years.  It 
was  developed  by  a  practical  man  who  knew 
what  he  w^anted  to  accomplish,  and  who  knew 
also  the  mechanical  faults  which  it  was  neces- 
sary to  avoid.  Mr.  Jos.  L.  Giroux  made  the 
invention  when  he  was  manager  of  the  United 
Verde  Smelter,  at  Jerome,  Arizona.  The  value 
of  utilizing  the  waste  heat  from  the  furnace 
by  using  it  to  heat  the  air  for  the  blast  had 
been  fully  recognized  before  Mr.  Giroux  un- 
dertook the  design  of  his  hot  blast  top.  The 
value  of  a  hot  blast  for  increasing  the  etfi- 
ciency  of  the  blast  furnace  was  also  recog- 
nized, and  in  addition  several  forms  of  hot 
"blast  stoves  of  several  types  had  been  devised. 
The  difficulty  with  all  the  previously  devised 
forms  of  hot  blast  tops  lay  in  the  strains  pro- 


duced upon  them  by  the  great  expansion  and 
contraction  of  their  parts  due  to  the  changes 
of  temperature.  This  rapidly  destroyed  them 
and  the  cost  of  keeping  them  in  repair  was 
fully  equal  to  any  saving  due  to  their  use. 

The  hot  blast  tops  first  built  for  the  United 
Verde  Smelter  have  been  in  constant  use  for 
the  last  three  years.  They  have  cost  prac- 
tically nothing  for  repairs  in  all  of  that  time. 
Since  the  Traylor  Engineering  Co.  came  into 
control  of  this  important  device  its  experience 
with  the  device  has  been  equally  satisfactory. 
Senator  Clark  is  now  having  all  of  his  fur- 
naces at  Butte,  Montana,  equipped  with  the 
Hot  Blast  Top,  A  year  ago  the  Traylor  Engi- 
neering Co.  completed  a  Top  of  this  kind  for 
the  Giroux  Consolidated  Mines  Co.,  at  Ely, 
Nevada,  and  this  has  been  in  constant  use 
ever  since  without  requiring  any  attention 
whatever.  At  the  present  time  the  Traylor 
Engineering  Co.  has  under  construction  at  the 
.Allcntown  works  the  largest  copper  smelting 
furnace  ever  built,  and  this  will  have  a  Giroux 
Hot  Blast  Top.  This  furnace  measures  46"  x 
255",  or  about  21  feet  in  length  inside  the  tuy- 
eres. It  was  designed  by  the  Traylor  Engi- 
neering Co.,  of  Boundary  Falls,  B.  C. 

The  Giroux  Hot  Blast  Top  is  applied  to  the 
furnace  immediately  above  the  feed  floor.  The 
hot  gases  rising  from  the  mass  of  smelting  ore 
impinge  upon  the  sets  of  pipes  which  form 
the  working  part  of  the  Top  and  impart  their 
heat  to  the  air  within  which  is  fed  at  once 
to  the  tuyeres.  The  blast  is  heated  to  a  tem- 
perature of  400  or  500  deg.  The  heat  thus 
saved  is  just  like  finding  so  much  fuel.  It 
reduces  the  fuel  charge  on  some  ones  so  as  to 
make  a  saving  of  about  30%  in  the  fuel  charge. 
This,  however,  is  not  all  the  good  it  accom- 
plishes. It  increases  the  capacity  of  the  fur- 
nace from  15%  to  25%,  and  also  allows  of  the 
use  of  charges  of  ore  carrying  from  2%  to  4% 
more  silica.  The  hot  blast  gives  a  more  uni- 
form smelting  temperature  and  seems  to  pre- 
vent to  a  large  extent  the  crusting  or  build- 
ing up  on  the  walls  of  the  furnace,  such  as  is 
customary  in  general   practice. 

The  Giroux  Hot  Blast  Top  consists  mechan- 
ically of  two  series  of  metal  pipes  arranged 
symmetrically  around  the  inside  of  the  top  of 
the  furnace,  the  lower  ends  of  one  set  of  the 
pipes  being  just  above  the  top  of  the  charging 
door.  The  vertical  portion  of  the  pipes  is 
built  of  sheet  steel.  These  are  circular  at 
the  bottom  where  they  join  the  return  elbows, 
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and  oval  and  of  larger  section  at  the  top.  The 
material  of  the  pipes  makes  them  readily  per- 
meable to  the  heat,  and  their  form  gives  them 
a  large  surface  for  absorbing  the  heat  from 
the  furnace  gases.  Their  form  also  prevents 
dust  from  adhering  to  them  and  reducing  their 
capacity  for  absorbing  heat.  Near  their  tops 
the  pipes  are  connected  together  sidewise  in 
pairs  by  means  of  flanged  cast  iron  connec- 
tions, and  at  the  bottoms  each  pair  of  pipes 
is  connected  by  means  of  cast  iron  return  el- 
bows to  form  a  continuous  series  on  each  side 
of  the  furnace.    These  elbows  have  a  V-shaped 
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section  with  one  side  of  the  V  lying  parallel 
with  the  side  of  the  furnace  top,  and  the  oth- 
er forming  a  slope  for  the  hot  furnace  gases 
to  impinge  against. 


The  Adams-Bagnall  Electric  Co.  announce 
that  Mr.  R.  C.  Campbell  has  been  placed  in 
charge  of  their  Philadelphia  office  as  special 
agent.  Mr.  Campbell  is  an  engineer  of  ex- 
perience and,  until  recently,  was  employed  by 
the  Curtis  Steam  Turbine  Co.,  where  he  had 
charge  of  the  tests  which  resulted  in  the  de- 
sign of  Mr.  Curtis's  new  marine  turbine.  Mr. 
Campbell  will  make  his  headquarters  at  905 
Arch  street,  Philadelphia,  where  communica- 
tions addressed  to  him  will  have  prompt  at- 
tention. 


IN  the  cylinders  of  a  compressed-air  locomo- 
tive, only  a  low  cold-test  oil  should  be  used. 
The  oil  should  show  a  specific  gravity  of 
about  29,  and  a  cold  test  of  — 5°  Farhenheit. 


Where  compressed  air  is  carried  through 
pipes  into  the  mine,  it  should  be  remembered 
that  in  case  of  fire  these  pipes  can  be  utilized 
to  carry  water  into  the  mine.  Also  in  case 
of  an  explosion  it  is  sometimes  possible  for  the 
men  to  secure  air  through  the  pipes. 


Compressed  air  for  pumping  is  applied  in  the 
air-lift  more  commonly  than  in  any  other 
form  of  apparatus.  The  reasons  for  the  popu- 
larity of  the  air-lift  are  the  absence  of  work- 
ing parts  in  the  well,  low  maintenance  charges, 
assured  maximum  yield  from  any  well,  and 
the  possibility  of  pumping  a  number  of  scat- 
tered wells  from  a  central  compressing  plant. 


Powder  should  never  be  taken  into  mines 
in  cars  propelled  by  electricity.  In  case  of  a 
wreck,  the  live  wires  are  liable  to  come  in 
contact  with  and  set  off  the  powder.  .  In  all 
cases  the  utmost  care  must  be  experienced  in 
carrying  powder  to  the  faces. 

Another  argument  for  compressed  air.  The  com- 
pressed  air   locomotive   is   absolutely   safe. 


The  use  of  compressed  air  to  force  water  or 
fluids  along  a  horizontal  line  has  generally 
been  considered  inefficient.  Wherever  a  hori- 
zontal run  must  be  made,  it  is  preferable  tO' 
either  (i)  pump  the  water  high  enough  in 
the  first  place  so  that  it  may  make  the  hori- 
zontal run  by  gravity  or  (2)  raise  the  water 
bv  air-lift  to  a  reservoir  or  tank  and  pump  it 
thence  by  means  of  a  pneumatic  displacement 
pump  to  the  desired  point. 


As  a  lubricant  for  air  compressors,  graphite 
has  a  number  of  attractive  qualities.  It  is 
generally  conceded  that  ignitions  and  explo- 
sions in  compressors  are  due  to  the  character 
and  quality  of  the  lubricant  used.  The  best 
oils  are  likely  to  give  off  vapors  and  must  be 
used  sparingly.  Soapsuds  are  also  used,  but 
must  be  applied  in  large  quantities  and  are 
apt  to  rust  the  machinery  when  not  in  use. 
Graphite  is  without  these  deleterious  quali- 
ties. It  is  inert,  unaffected  by  high  tempera- 
tures, and  can  not  vaporize,  ignite  or  cause 
explosion. 
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THE  difference  of  cost  for  installation  of  a 
compressed  air  cleaning  system  in  a 
50  X  125  foot  building  of  three  floors, 
as  against  a  building  with  a  frontage  of  150 
teet  with  four  floors  and  basement,  is  very 
slight,  the  difference  only  requiring  extra  pip- 
ing. Where  a  store  is  much  larger  than  this, 
a  more  powerful  dynamo  or  engine  would  be 
required. 

The  machinery  is  situated  in  the  basement. 
It  is  then  necessary  to  pipe  the  building  so 
that  the  openings  would  be  sufficiently  numer- 
ous on  each  floor  for  a  50-foot  hose  to  cover 
the  entire  floor  space. 

The  cost  of  equipping  a  store  of,  say  loox 
125  feet,  with  a  mechanical  cleaning  plant  oper- 
ated by  means  of  compressed  air  and  vacuum, 
would  be  somewhere  between  $700  and  $r.ooo, 
but  for  what  is  known  as  the  vacuum  system 
only  the  figures  would  be  double,  if  not  more. 
Both  plants  require  about  a  JV2  h.  p.  motor, 
and  if  the  building  is  ten  stories,  a  lo-h.  p. 
motor  will  be  necessarv. 


An  entirely  new  system  of  street  cleaning 
likely  will  be  abopted  by  the  city  of  Pitts- 
burgh. Officials  of  the  department  of  public 
works  are  experimenting  with  a  modern  ap- 
paratus, which  may  take  the  place  of  the  old 
street  sweepers  and  a  number  of  '"whitewings." 

The  downtown  streets  are  being  cleaned 
after  each  mfdnight  with  flushing  machines. 
They  have  been  successfully  tried  in  Wash- 
ington, St.  Louis  and  other  cities.  The  idea 
is  to  give  them  a  thorough  test,  and  if  they 
are  successful  a  number  of  the  machines  will 
be  purchased. 

The  machine,  which  is  simple  in  construc- 
tion, consists  of  a  water  tank,  from  which  the 
water  runs,  sending  a  spray  downward  that 
covers  a  space  equal  to  one-half  of  a  street. 
The  water  falls  in  such  a  form  that  it  starts  a 
current  toward  the  gutter. 

The  force  of  the  stream  is  gained  from  a 
tank  filled  with  compressed  air  located  at  the 
front  end  of  the  vehicle.  The  air  is  sent  into 
the  tank  by  the  force  of  the  water  as  it  is  taken 
from  the  ordinary-  street  hydrant. 

The  objection  to  the  old-fashioned  sweeper 
is  that  it  never  carries  away  all  of  the  filth 
that  accumulates  on  a  street,  but  when  the 
surface  is  wet  the  brooms  have  a  tendency  to 
pack  down  the  mud  instead  of  carrying  it 
away.  Should  the  street  be  cleaned  with  the 
old-fashioned  sweeper  before  the  surface  has 


been  dampened,  it  crates  a  dust  that  is  almost 
unbearable. 

Another  advantage  the  flushing  machines 
have  over  the  old  method  of  cleaning  thor- 
oughfares, is  that  it  will  be  unnecessary  for  a 
corps  of  men  at  stated  periods  to  wash  the 
streets  by  the  use  of  hose.  It  is  expected  that 
should  the  city  adopt  the  flushing  machines  it 
will  save  thousands  of  dollars  each  year. 

Three  machines  are  now  being  tried.  Three 
more  from  a  different  corporation  are  now  on 
the  way  to  Pittsburgh,  and  both  will  be  given 
a  thorough  test  before  either  is  adopted.  The 
machines  cost  about  $1,000  apiece,  but  their 
maintenance  does  not  cost  anything.  On  an 
ordinary  street  sweeper  it  is  necessary  to  equip 
them  with  new  brooms  at  least  once  a  week, 
which  amounts  to  considerable  at  the  end  of 
the  vear. 


WOOD   PRESERVED    BY  HEAT. 

Method  Which  H.as  Jlst  Been  P.^tented 
IX  Fr.\nce. 
One  of  the  latest  methods  of  preserving  wood 
has  been  patented  in  France.  It  has  been  rec- 
ognized that  one  of  the  best  means  of  preserva- 
tion is  to  keep  the  wood  at  a  high  temperature 
in  closed  vessels  (about  250  degrees  C.)  and  at 
the  same  time  at  a  high  pressure,  some  250 
pounds  per  square  inch.  This  method  has  been 
perfected  by  the  inventor.  The  object  of  the 
improvements  is  to  provide  means  of  heating 
as  efficacious  as  usual,  but  more  practical  and 
economical.  Another  aim  is  to  utilize  a 
part  of  the  air  pressure  which  has  served 
in  compressing.  In  the  new  process  the 
pieces  of  wood  are  put  in  compression  cyl- 
inders and  the  air  is  sent  direct  from  the 
compressors  into  the  cylinders.  To  heat  the 
air  each  cylinder  is  surrounded  by  a  masonry 
envelope  not  in  contact  with  it,  thus  leaving 
a  free  space.  The  hot  gases  from  a  furnace 
are  circulated  in  this.  Cooling  is  effected  by 
introducing  cold  air  in  the  space.  To  obtain 
a  specially  good  and  cheap  heating  a  series 
of  gas  jets  is  placed  in  the  lower  part  of  the 
air  jacket  and  fed  by  a  gas  tube  and  having 
an  air  tube  to  aid  in  combustion.  When  the 
plant  uses  several  cylinders  side  by  side  there 
is  a  saving  in  the  work  of  air  compression  by 
utilizing  a  part  of  the  compressed  air  in  a 
cylinder  at  the  end  of  the  operation  to  send  it 
into  the  next  cylinder  in  commencing  the  com- 
pression here.  Piping  is  arranged  between 
the  cylinders  for  this  purpose. 
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the  corresponding  compressor  by  means  of  a  connect- 
ing-rod, the  length  of  this  connecting-rod,  the  stroke 
of  the  compressor-piston  and  that  of  the  cross-head 
being  equal,  as  described  and  shown. 


827,839.     AIR-BRAKE 
AUTOMOBILES. 
Cal.     Filed  Jan.  23, 


827,518.      LUBRICATOR    FOR    PNEUMATIC    MA- 
CHINERY.    Edwin    A.    Emery,    Cripple    Creek, 
Colo.,   assignor  to  The  Emery  Pneumatic  Lubrica- 
tor   Company.      Filed    May    28,     1902.       Renewed 
May  19,  1906.     Serial  No.  317,794. 
827,536.    AIR-CLEANING  APPARATUS.    George  J. 
KiNDEL,     Denver,     Colo.       Filed    Sept.     26,     1905. 
Serial    No.   280,121. 
827,690.     PNEUMATIC  MALTING-DRUM.     Frank- 
lin  B.   GiESLER,   Milwaukee,   Wis.     Original  appli- 
cation   filed    Feb.     10,     1902.      Serial    No.    93,297. 
Divided   and   this   application   filed   Nov.    15,    1905. 
Serial  No.   287,428. 
827,705.     PNEUMATIC  HORSE-COLLAR.     John  R. 
Burkholder,    Lancaster,     Pa.      Filed    March     16, 
1906.     Serial  No.   306,420. 
827,714/    AIR-PUMP.     Napoleon    W.    Dible,    Kansas 
City,  Mo.    Filed  Oct.  4,   1904.    Serial  No.  227,103. 
827,750.    BLOWING  MACHINERY.    Auguste  C.   E. 
Rateau,    Paris,    France,    assignor    to    Rateau    Tur- 
bine   Company,    Chicago,    111.,    a    Corporation    of 
West   Virginia.     Filed   Dec.   24,    1902.     Serial   No. 
136,455- 

AND    MEANS    TO    START 
Geo.    W.    Young,    Glendale, 
1906.     Serial   No.  297,456. 
827,891.    MEANS  FOR  INCREASING  THE  WORK 
OBTAIN.\BLE    FROM    A    CHARGE    OF    COM- 
PRESSED AIR.    William  H.  Sodeau,  Newcastle- 
upon-Tyne,   England,   assignor  to   Sir  W.   G.   Arm- 
strong,   Whitworth    and    Company,    Limited,    New- 
castle-upon-Tyne,   England.      Filed    May    9,    1905. 
.Serial   No.  259,580. 
Claim.      The    combination    with    apparatus    for   heat- 
ing  a    body    of   compressed    air    of   the   type   in    which 
liquid   fuel    is   fed   into   the  compressed   air  by   the   ex- 
pansion of  a  second  body  of  compressed  air,  of  means 
for   allowing  part   of   the   second   body    of   compressed 
air  to    escape   before   the   whole   of   the   fuel   has   been 
delivered. 

827.926.  MEANS  FOR  INFLATING  RUBBER 
TIRE.S.  Alfonso  G.  Lavertine  and  James  E. 
McNellan,  Johannesburg,  Transvaal.  Filed  Oct. 
10,    1905.     Serial   No.   282,109. 

827.927.  PNEUMATIC  TIRE.  Henry  D.  B.  Lef- 
FERTs,  Orange,  N.  J.  Filed  Nov.  17,  1905.  Serial 
No.   287,805. 

828,254.    TIRE.    James  H.  Swain,  Pittsburg,   Pa.,  as- 
signor,   by    mesne    assignments,    to    H.    M.    &    S. 
Armored    Tire    Company    Incorporated,    Pittsburg, 
Pa.,   a   Corporation   of   Pennsylvania.      Filed   Aug. 
14,   1905.     Serial  No.  274,123. 
828,270.    APPARATUS   FOR   MAINTAINING  AIR- 
PRESSURE  IN  ALE  AND  BEER  CASKS.     Ed- 
ward   R.     Brown,     Boston,     Mass.,    assignor,    by 
mesne   assignments,    to    Wilber    F.    Lakin,    trustee, 
Quincy,    Mass.      Filed  June   4,    1901.      Serial   No. 
63.058. 
828,295.      COMPRESSED-AIR    MOTOR.      Ivan    W. 
Ammon,   St.   Petersburg,   Russia.     Filed  Sept.   24, 
1903.      Serial   No.    174,411. 
Claim.      The    combination    in    a    motor    operated   by 
compressed  and  heated  air  of  three  cylinders  in  which 
the    compressed   and    heated  -air    expands   successively, 
of    a    crank-shaft,    driven    through    connecting-rods    by 
the    piston-rods    of    the    driving-pistons,    two    air-com- 
pressors, operated  by  means  of  connecting-rods  by  the 
said  main  shaft,  the  axial  line  of  each  of  these  com- 
pressors   making    a    suitable    angle    with    the    working 
axial   line   of   the  cross-head   operating  the  pistons   of 


^^M 


828,432.    MEANS  FOR  INCREASING  THE  WORK 
OBTAINABLE  FROM  .\  CHARGE  OF  COM 
PRESSED  AIR.    Willfam  H.   Sodeau,  Newcastle- 
upon-Tyne,   England,   assignor  to   Sir  W.   G.   Arm- 
strong,   Whitworth    and    Company,    Limited,    New- 
castle-upon-Tj-ne,    England.      Filed    May    9,    1905. 
Serial   No.   259,581. 
Claim.      The    combination    of    a    reservoir    for    com- 
pressed   air,    a    reservoir    for    fuel,    a    pipe    having   one 
end    in    the    air-reservoir    and    the    other    end   standing 
up    in    the    lower    part    of    the    fuel-reser\-oir,    the    lat- 
ter  end   being   perforated   with    two    or   more   holes   at 
different  heights,   and  means   for  igniting  and  burning 
the   fuel   in   the   air-reservoir. 

828,498.      AIR-FEEDING    DEVICE    FOR    STEAM 
GENERATORS.       Charles     D.     Mosher,     New 
York,    N.    Y.      Filed   July    17,    1903.      Serial   No, 
166,055. 
828,522.    .MR-COMPRESSOR.    Theodore  H.   Smith 
San   Francisco,   Cal.     Filed  May  27,   1905.      Serial 
No.  262,623. 
828,590.    APPARATL\S  FOR  INTRODUCING  POW 
DERED  ELEMENTS  INTO  CASTINGS.    Frank 
G.    Wright,    Indiana    Harbor,    Ind.,    assignor    to 
American    Steel    Foundries,    Chicago,    111.,    a    Cor 
poration    of    New    Jersey.      Filed    Feb.    23,    1906- 
Serial   No.   302,420. 
828,592.      CENTRIFUGAL    FAN.     William    E.    Av 
LiNGTON.    Saginaw,    Mich.     Filed    Jan.    30,    1905 
Serial  No.  243,204. 
828,635.    AIR-BRAKE   SYSTEM.    Newton   R.   Beau^ 
champ,  Atlanta,  Ga.    Filed  April  20,   1906.    Serial 
No.  312.872. 
828,641.     TIRE   FOR   MOTOR-CARS.     Isidore   Clip. 
FORD,     London,     England.      Filed    Aug.     4,     1905 
Serial    No.    272,748. 

828,684.     ROCK-DRILL.     John    E.    Sales.    Wrangell 
Alaska.    Filed  May   10,   1905.    Serial  No.  259,740 
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Claim.  In  a  rock-drill,  a  car,  a  turn-table  on  the 
car,  a  main  frame  pivoted  to  the  turn-table,  means  for 
adjusting  said  frame,  a  secondary  frame  pivoted  in 
the  main  frame  to  swing  in  a  plane  at  right  angles 
to  the  plane  of  movement  of  the  said  frame,  means  for 
adjusting  the  secondary  frame,  a  supporting-bar  pivoted 
in  the  secondary  frame  to  swing  in  a  plane  at  right 
angles  to  the  plane  of  movement  of  the  secondary 
frame,  said  bar  carrying  guide-rods,  means  for  adjust- 
ing the  supporting-bar,  a  motor  mounted  to  slide  on 
the  guide-rods  of  the  supporting-bar,  and  means  for 
sliding  the  motor   on   said   bars. 

828,781.      PNEUMATIC   CUSHIONED    STOOL. 
Chester  Smith,  Oak  Hill,   Ohio,   assignor  of  one- 
half   to    David    E.    Evans,    Oak   Hill,    Ohio.      Filed 
March   9,    igo6.      Serial   No.   305,167. 
828,827.      ELASTIC-FLUID    TURBINE.      James     C. 
Prescott   and    Henry    A.    Prescott,    Philadelphia, 
Pa.     Filed   Sept.   25,    1905.      Serial   No.   280,015. 
828,861.     SHAFTING    FOR    CAISSONS   AND    THE 
LIKE.     Daniel  E.   Moran,   Mendham,   N.   J.,   and 
John  W.  Doty,  New  York,   N.  Y.     Filed  April  4, 
1906.     Serial  No.  309,850. 
828,939.    AIR-PRESSURE  BRAKE.    Erwin  Kramer, 
Berlin,  Germany.     Filed  Aug.  3,  1904.     Serial  No. 
219,402. 
829,143.     AIR-BRAKE    SYSTEM.      Fred    B.    Corey, 
Schenectady,    N.    Y.,    assignor   to   General    Electric 
Company,    a    Corporation    of    New    York.       Filed 
Dec.   29,    1905.      Serial   No.   293,753. 
829,712.     PLASTIC-MOULDING  MACHINE.    Will- 
iam    S.    Godwin,    New    York,    and    Charles    I. 
Williams,     Utica,     N.     Y.       Filed    Feb.    2.     1905. 
Serial    No.    243,792. 
829,707.     MACHINE    FOR    TREATING   AIR.    John 
Fries,    Winston    Salem,    N.    C.      Filed    Sept. 
1905.      Serial    No.    280,437. 

AIR  PUMP  OR  COMPRESSOR.     Charles 
Sobinski,     St.    Louis,    Mo.      Filed    Dec.     19, 


830,538.     PNEU.AL\TIC      VANNER.         Albert      II. 

Stebbins,     Little     Rock,     Ark.       Filed     Aug.     19, 

1904.  Serial  No.  221,424. 
Claim. — I.  In  a  machine  of  the  class  described, 
the  combination  of  a  main  supporting-frame,  a  belt- 
carrying  frame  mounted  to  swing  from  said  main 
frame,  an  inclined  concentrate-belt  formed  of  sheet 
metal  and  carried  by  said  belt-carrying  frame,  said 
sheet-metal  belt  having  perforations,  the  walls  of 
which  are  disposed  to  direct  fluid-currents  over  and 
substantially  parallel  to  said  belt,  and  a  fluid-cham- 
ber beneath  the  upper  run  of  said  belt  for  direct- 
ing fluid-currents  through  said  perforations. 
830,613.     APP.\RATUS     FOR     LIQUEFYING    AIR 

AND   OTHER   GASES.      Raoul  P.   Pictet,   New 

York,    N.    Y.      Filed   Jan.    12,    1901.      Serial    No. 

42,951. 
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Claim. — I.  In  a  pump,  a  pair  of  juxtaposed  cross- 
heads  simultaneously  reciprocating  in  opposite  direc- 
tions formed  on  their  adjacent  faces,  interiorly- 
toothed  plates  confined  in  said  depressions  and  sus- 
ceptible only  of  a  movement  therein  at  right  angles 
to  the  axis  of  reciprocation  of  the  cross-heads,  a 
tongue  and  grooves  and  a  rib  between  the  grooves 
formed  on  each  plate,  the  tongue  oof  one  plate  oper- 
ating in  the  groove  on  either  side  of  the  rib  on  the 
opposite  plate,  a  drive-shaft,  and  a  pinion  on  the 
shaft  engaging  the  toothed  surfaces  of  the  openings 
of  the  plates,  the  parts  operating  s^ibstantially  as, 
and   for   the   purpose   set   forth. 

830,433.     PNEUMATIC     DISCHARGING     DEVICE 
FOR    LIQUIDS.      Isaac    W.    Heysincer,    Phila- 
delphia,   Pa.      Filed    Aug.    21,    1905.      Serial    No. 
275,066. 
829,941.     PNEUMATIC    FOR    MUSICAL    INSTRU- 
MENTS.      Jacob    Binning,     Boston,     Mass.j     as- 
signor of  one-half  to   Mason  &   Hamlin   Company, 
Cambridge,    Mass.,    a    Corporation    of    Delaware. 
Filed  July  10,   1905.     Serial  No.  268,912. 
830,503.     COMPOUND   AIR-COMPRESSOR.     Eben- 
EZER  Hill,  Norwalk,   Conn.     Filed  Aug.   18,    1905. 
Serial   No.    274,657. 
Claim. — I.     The    combination    in    a    compound    com- 
pressor   of    a    low-pressure    cylinder,    a    high-pressure 
cylinder,   a  duct   connecting  the   discharge  of  the   low- 
pressure   cylinder   with    a   choke-valve   in   the   duct   be- 
tween   the    cylinders    arranged    to    open    and    close    the 
passage    through    the    duct    according    to    the    pressure 
in   the    duct   between    said   valve   and   the    low-pressure 
cylinder,    substantially    as    specified. 
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Claim. — I.  In  an  apparatus  for  liquefying  air  and 
other  gases  the  combination  with  a  series  of  cooling 
vessels  adapted  to  contain  liquid  refrigerants  of  suc- 
cessively lower  boiling-points,  each  provided  with 
cooling-  pasagcs,  for  conveying  the  gas  to  be  lique- 
fied through  said  cooling  vessels,  such  passages  of  the 
said  vessels  being  connected  in  series,  and  the  ves- 
sel for  containing  the  refrigerant  of  higher  boiling- 
point  having  other  cooling-passages  connected  with 
the  vessel  for  containing  refrigerant  of  lower  boiling- 
point,  and  forming  cooling-passages  for  the  refriger- 
ant of  lower  biiilingpoint,  of  means  for  compressing 
the  vapor  of  the  refrigerant  of  lower  bfriling-point, 
and  for  passing  it  through  the  corresponding  cooling- 
passages  of  the  vessel  containing  the  refrigerant  of 
higher    boiling-point. 


WHAT  KIND  OF  HOSE 
DO  YOU  USE  ? 

THERE  is  only  one  k  nd  that  can  be 
absolutely  relied  upon  in  cases  of 
emergency  and  that  is  ihe  Flexible 
Steel  Armored  Hose.  We  claim  relia- 
ability  because  this  hose  is  the  only  kind 
which  is  completely  encased  in  steel 
armor,  thus  havmg,  as  it  were,  a  band- 
age to  prevent  the  loss  of  air  or  steam  in 
case  of  the  collapse  of  the  rubber  lining 
and  thereby  retaining  a  sufficient  pressure 
of  air  or  steam  to  operate  the  drill,  air 
brakes  or  other  mechanism  until  it  is  con- 
venient to  replace  the  damaged  piece. 
The  freedom  from  costly  delays  and  lia- 
bility for  loss  of  life  or  property  makes 
this  hose  of  vast  importance  to  all  railroad 
operators.  Write  for  copy  of  bulletin 
No.  50546. 

Sprague     Electric    Company 

General  Offices  : 

527  West  34th  Street,  New  York  City 
Chicago  Office :     Fisher  Building 
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THIS  is  a  weekly  journal,  edited  by  Halhert 
P.  Gii.i.ETTK,  author  of  Handbook  of  Cost 
Data.  Earthwork  and  Its  Cost,  Rock  Excava- 
tion, etc.  The  articles  in  Engineering-Contracting 
form  a  sequel  to  Mr.  Gillette's  books  being,  for  the 
most  part,  articles  on  the  methods  and  costs  of  doing 
work.  In  addition  to  these  articles,  the  contract 
news  of  the  week  is  given.  This  news  service  is 
believed  to  be  superior  in  point  of  promptness  and 
accuracy  to  the  news  in  any  other  engineering  or 
contracting  paper.     Mr.  C.  T.  Murray,  who  has  been 


in  charge  of  the  contract  news  department  of  Engi- 
neering News  until  last  December,  is  now  in  charge 
of  our  contract  news  department.  Mr.  Gillette,  who 
has  written  for  other  papers  in  the  past,  including 
Engineering  News,  will  write  only  for  the  Engineer- 
ing-Contracting hereafter.  His  series  of  articles  on 
Cost  Keeping  on  Contract  Work,  now  running, 
should  be  read  by  every  contractor  and  engineer. 

The  Subscription  Price  of  Engineering-Contracting 
is  only  $1.00  a  year.     Send  for  a  sample  copy. 

The  Myron  C.  Clark  Publishing  Co., 
13-21  Park  Row, 

NEW    YORK. 


REPAIRS  CONSUME  PROFITS 

A  LIMITED  WATER  SUPPLY 
Decreases  the  output.     Install  a  20th  Century 
Air  Pump  and  increase  your  vv^ater  supply  50 
per  cent. 

Easy  to  Operate. 

Nothing  to  Wear  Out.      Write  for  Catalogue. 

Harris  Air  Pump  Company 

62     LOMBARD     BUILDING 
INDIANAPOLIS,   IND. 
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THE    GUNNISON     TUNNEL     OF 
THE  UNCOMPAHGRE  IRRI- 
GATION PROJECT 

By  M.  G.  Doll.* 

It  is  only  by  close  acquaintance  with  some 
specific  undertaking,  such  as  the  one  described 
in  this  article,  that  it  is  possible  to  realize  the 
extent  of  the  work  being  done  by  the  U.  S. 
Reclamation  Service.  The  Uncompahgre  pro- 
ject is  but  one  of  dozens  of  irrigation  sys- 
tems which  are  being  developed  throughout 
the  West.  Some  of  these  are  larger  in  extent 
and  more  important  in  their  results  than  this, 


but  from  an  engineering  standpoint,  none  is 
of  greater  interest.  The  driving  of  a  tun- 
nel nearly  six  miles  in  length  through  mater- 
ials ranging  from  soft  mud  to  hard  rock  is  a 
large  enterprise,  particularly  when  it  is  re- 
membered that  owing  to  the  height  of  the 
hill  penetrated,  nearly  five  miles  of  the  tunnel 
are  being  driven  from  two  headings,  one  at 
each  end,  without  intermediate  shafts  for  ven- 
tilation and  removal  of  excavated  materials. 
This  tunnel  is  the  longest,  although  not  the 
largest  in  point  of  diameter,  in  the  United 
States,  and  as  far  as  the  writer's  informa- 
tion goes,  it  is  the  longest  in  the  world,  driven 
as  above  described  from  only  two  openings 
and  without  intermediate  shafts.  The  meth- 
ods and  the  progress  made,  as  described  be- 
low, reflect  great  credit  upon  the  skill  and 
executive  ability  of  the  government  engineer- 
ing force   in  charge  of  the  construction. 


♦1748  Broadway,  Denver,  Colo. 


VIEW  FROM  TOP  OF  SHAFT  FOR  HEADINGS  2  AND  3. 

THE   IRRIGATION    PROJECT. 

The  Gunnison  Tunnel  is  part  of  the  Uncom- 
pahge  Valley  Irrigation  Project,  undertaken 
by  the  United  States  Reclamation  Service. 
This  project  when  completed  will  reclaim 
about  150,000  acres  of  land,  in  the  Valley  of 
the  Uncompahgre  river,  in  a  portion  of  Mon- 
trose and  Delta  counties,  in  the  west  central 
part  of  Colorado.  (See  general  map.)  Small 
portions  of  the  Uncompahgre  Valley  have 
been  under  irrigation  for  some  time,  by  water 
drawn  from  the  Uncompahgre  river,  but  ow- 
ing to  the  limited  supply  of  this  water,  the 
irrigation  necessarily  had  to  be  restricted  to 
a  small  area.  However,  these  preliminary  ex- 
periments served  to  show  the  possibilities  of 
this  land,  if  it  could  be  supplied  with  a  suffi- 
cient amount  of  water. 

The  soil  in  the  Uncompahgre  Valley  is 
practically  of  two  kinds,  an  adobe  on  one  side 
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and  a  sandy  soil  on  the  other.  The  adobe 
has  proven  to  be  adapted  especially  to  wheat 
and  other  small  grains,  in  general,  while  the 
sandy  soil  is  more  strictly  adapted  to  fruits, 
potatoes  and  sugar  beets.  The  productive  sea- 
son of  this  section  has  been  in  the  past  rather 
long,  spring  opening  early  and  the  autumn 
frosts  coming  late.  These  facts,  coupled  with 
the  large  choice  of  crops,  should  not  only 
make  the  project  a  thorough  success,  but  they 
should  also  make  this  one  of  the  ideal  sections 
of  the  State  for  homesteads. 

To  accomplish  this  condiiton  of  affairs  it 
was  calculated  that  an  additional  water  sup- 
ply of  1.300  cubic  feet  per  second,  during  the 


a  part  of  the  concreting  in  the  solid  rock  por- 
tion, so  that  the  flow  of  water  through  the 
tunnel  may  begin  in  the  spring  of  1908.  The 
remainder  of  the  concrete  construction  will 
be  completed  during  the  winter  of  the  same 
year.  During  subsequent  years  it  is  intended 
to  maintain  a  full  water  supply  from  April 
1st  to  October  ist.  A  diminished  flow  will 
be  maintained  for  cattle  water  for  some  time 
previous  to  April  ist  and  continued  for  some 
time  after  October  ist.  The  cost  of  the 
entire  project,  complete,  is  estimated  at 
$2,500,000. 

THE    TUNNEL — GENERAL   FEATURES. 

The   east   or   river  portal  of  the   Gunnison 


PROFILE   OF   THE   GUNNISON    TUNNEL. 
(Redrawn  from  the  Government  Map)  Horizontal  scale  i  inch  =  4125  feet;  Vertical  scale,  i  inch  =  733  feet. 


productive  season,  would  be  necessary.  Rec- 
ords of  the  Gunnison  river  showed  that  an 
average  maximum  flow  of  14,200  cubic  feet 
per  second  occurred  in  June  and  a  minimum 
of  750  cubic  feet  per  second  in  September; 
during  April  of  this  year  there  was  an  aver- 
age flow  of  1,481  cubic  feet  per  second.  The 
Gunnison  river,  therefore,  carried  sufficient 
water  to  furnish  the  necessary  supply  for  the 
Uncompahgre  Valley  project,  but  it  was  locked 
in  one  of  the  characteristic  canons  of  Colo- 
rado, with  nearly  perpendicular  walls  of  solid 
rock  about  1,500  feet  in  height.  After  a  thor- 
ough investigation  on  the  part  of  the  Reclama- 
tion Service,  it  was  finally  considered  feasible 
to  divert  the  water  from  the  Gunnison  caiion 
by  running  a  tunnel  nearly  si.x  miles  in  length 
under  Vernal  Mesa. 

Work  was  begun  on  this  tunnel  in  February 
of  1905.  On  July  1st,  1906,  the  total  distance 
driven  was  \2„l(i7  feet,  of  which  1,321  feet 
were  completed  during  the  month  of  June. 
At  the  present  time  it  is  expected  that  the 
work  will  be  completed,  with  the  exception  of 


tunnel  is  situated  in  the  canon  of  the  Gunnison 
river,  in  Montrose  county,  altitude  (grade  line 
of  the  tunnel  at  Section  No.  i)  6,533  feet.  (See 
general  and  profile  maps.)  The  grade  line  of 
the  tunnel  is  about  6  feet  below  the  lowest  point 
of  the  bed  of  the  river.  At  the  present  writing, 
the  plans  and  speciikations  for  the  controlling 
gates  have  not  been  passed  upon.  The  total 
length  of  the  tunnel  from  the  east  to  the  west 
portal  will  be  30,582  feet,  with  a  fall  of  2.02 
feet  per  1,000  from  the  east  to  the  west  por- 
tal. It  is  designed  to  have  a  capacity  of  1,300 
cubic  feet  of  water  per  second  with  a  velocity 
of   12.6  feet  per  second. 

The  tunnel  is  ten  feet  in  width  at  grade, 
with  walls  slightly  sloping  to  the  base  of  the 
arched  roof  or  invert,  where  it  is  11  feet  wide. 
The  height  from  the  floor  to  the  highest  point 
varies  from  11  feet  5  inches  to  12  feet.  The 
greatest  depth  from  the  surface  of  Vernal 
Mesa  to  the  tunnel  is  2,200  feet.  The  accom- 
panying profile  map  and  cross  section  of  the 
tunnel  at   different  points   indicate  the   extent 
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and  character  of  the  undertaking. 

The  postoffice  name  of  the  camp  at  the  east 
portal  is  River  Portal ;  that  at  the  west  end 
of  the  tunnel  is  Lujane.  They  are  connected 
by  a  government  road  about  12  miles  long, 
passing  over  Vernal  Mesa.  This  road  and  a 
general  view  of  the  Mesa  are  shown  in  the 
accompanying  illustrations.  The  building  of 
this  road  was  an  engineering  feat  in  itself, 
especially  on  the  River  Portal  side,  where  the 
walls  of  the  canon  are  extremely  steep  and 
rugged,    the    summit    being    nearly    2,000    feet 


8  inches  apart,  the  rails  being  held  in  place 
by  a  double  concrete  arch.  This  grating 
serves  to  break  the  force  of  the  fall  and  also 
to  catch  any  debris  which  may  be  carried 
down  the  canal.  From  this  grating  the  water 
falls  into  a  basin  of  sufficient  depth  to  form  a 
water  cushion,  thus  preventing  any  damage 
to  the  concrete  lining. 

TUNNEL     CONSTRUCTION — M.\TERI.\LS 
ENCOUNTERED. 

The  main  tunnel  was  driven  from  four  sep- 


THE    E.\ST,    OR    RIVER    PORT.\L  ;    TO 

above  the  river. 

THE    DISTRIBUTING    CANALS. 

From  the  West  Portal,  1,250  second-feet  of 
the  water  will  be  carried  through  a  cement- 
lined  canal  (50  second-feet  having  been  diverted 
to  Cedar  creek  near  the  portal)  to  the  Uncom- 
pahgre  river,  where  a  number  of  branches  are 
made,  the  bed  of  the  Uncompahgre  river  also 
being  utilized  to  convey  a  portion  of  the  water. 
As  the  grade  from  the  West  Portal  to  the 
Valley  is  quite  steep,  it  will  be  necessary  to 
lower  the  water  by  gradual  stages,  so  that 
the  walls  and  bed  of  the  canal  may  not  be 
destroyed  by  the  velocity  of  the  flow.  This 
fall  is  accomplished  by  a  series  of  14  steps, 
which  are  so  placed  as  to  cause  the  water  to 
fall  on  a  grating  of  80  pound  steel  rails,  spaced 


THE    LEFT    IS    THE    HOIST    HOUSE. 

arate  headings  (see  profile  map),  No.  I  at  the 
east  portal,  Nos.  2  and  3  from  a  200- foot  shaft 
which  was  sunk  about  a  mile  from  the  west 
portal,  and  No.  4  from  the  west  portal  of  the 
tunnel.  Nos.  3  and  4  have  since  met,  thus 
leaving  work  at  Nos.  i  and  2  in  active  opera- 
tion at  the  present  time.  Heading  No.  i  was 
driven  in  a  hard  rock  formation  from  the  be- 
ginning, while  the  materials  in  Nos.  2,  3  and 
4  vary  from  a  soft  adobe  mu<l  in  No.  4  to  a 
very  soft,  extremely  brittle  shale  in  No.  2. 
The  ground  in  No.  4  and  the  latter  part  of 
No.  3  just  previous  to  the  junction  of  Nos. 
4  and  3  consisted  of  a  soft  swelling  adobe 
mud. 

The  sections  of  the  tunnel  running  through 
the  mud   and   soft  shale   were   timbered   with 
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eight  and  twelve   inch   pine  timbers,  and  the 
whole  tunnel  section  is  lined  with  concrete. 

METHOD    IN    E-\RTH    AND    SOFT   ROCK    SECTIONS. 

Heading  No.  2  and  the  first  part  of  No.  3, 
in  soft  shale,  were  advanced  by  a  bench  and 
overcut  heading  system,  employing  air-driven 
rotary  drills  or  coal  augers.  With  a  few  ex- 
ceptions, where  the  ground  was  firmer  than 
ordinary,  the  timbers  were  advanced  by  the 
crown  bar   system,   which   consisted   in   carry- 


During  the  latter  part  of  July  of  this  year, 
the  hoist  originally  used  for  headings  Nos.  2 
and  3  was  put  out  of  commission,  and  the 
muck  from  No.  2  heading  is  now  being  car- 
ried through  the  west  portal  of  the  tunnel. 
This  is  a  very  economical  operation,  as  the 
loaded  cars  are  carried  on  the  down  grade, 
therefore  the  amount  of  muck  moved  by  the 
mine  locomotives  depends  largely  on  the 
number  of  empty  cars  the  locomotive  is  able 
to    haul    up    the    grade.     At   the    foot   of   the 


TOWN    OF    RIVER    PORTAL    AND    THE    GUNNISON   RIVER;   THE   SMALL  CROSS   ON   THE   LEFT   BANK 
INDICATES    THE   EAST    PORTAL   OF    THE   TUNNEL. 


ing  the  roof  on  temporary  stringers  held  in 
place  by  jack-bars,  until  the  permanent  tim- 
bering could  be  finished.  Very  rapid  work 
was  accomplisheu  in  this  ground,  in  a  few 
cases  over  600  lineal  feet  being  driven  dur- 
ing one  month. 

The  muck  from  headings  Nos.  2  and  3  was 
hoisted  through  the  shaft,  located  at  their 
starting  point,  while  that  from  No.  4  was 
hauled  in  side  dump  tunnel  cars,  holding  114 
cu.  yds.  each,  through  the  west  portal  and 
run  out  on  a  dump  at  the  side  of  the  main 
canal.  In  heading  No.  2  the  tunnel  has  re- 
cently passed  through  a  deposit  of  sea  shells, 
some  of  which  were  three  and  four  feet  in 
diameter.  These  shells  sometimes  fell  with- 
out warning,  bringing  down  masses  of  shale 
from  the  roof  of  the  tunnel. 


shaft  a  large  room  has  been  constructed.  It 
is  intended  to  install  one  of  the  concrete 
plants  in  this  room,  and  divide  the  shaft  into 
two  compartments,  to  be  utilized  for  supply- 
ing by  gravity  feed  the  gravel  and  sand  used 
in  the  concrete.  A  very  good  grade  of  these 
materials  is  obtained  from  the  Mesa  in  the 
oear  vicinity.  The  concreting  will  be  simul- 
taneously begun  in  a  number  of  places  in  the 
west  portion  of  the  tunnel,  as  soon  as  the 
mixing  machinery  can  be   installed. 

EAST     PORTAL — ROCK     CONSTRUCTION. 

In  heading  No.  i  (driven  from  the  east 
portal)  a  different  condition  of  affairs  ex- 
ists. This  heading  has  been  in  very  hard  rock 
ever  since  the  beginning  of  operations,  and 
from  all  indications  it  will  probably  continue 
so  until  headings  Nos.  i  and  2  meet. 
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Owing  to  the  fact  that  the  grade  line  of 
the  east  portal  is  six  feet  below  the  bed  of 
the  river,  it  was  necessary  to  make  an  open- 
ing above  the  high-water  mark  of  the  river, 
and  then  drop  sharply  to  the  grade  line.  This 
causes  a  short,  steep  incline,  at  the  mouth 
of  the  tunnel,  which  necessitates  the  use  of  a 
small  hoist,  for  hoisting  and  lowering  the  elec- 
tric locomotive  and  the  two-yard  loaded 
muck  cars.  These  cars  are  handled  on  the 
dump  by  a  stiff  leg  derrick  designed  and  built 


terials.  Ventilation  is  provided  by  means  of 
powerful  blowers  at  either  end  of  the  tunnel, 
and  no  trouble  has  been  experienced  on  this 
score.  All  materials  excavated  are  removed 
through  the  tunnel  itself.  The  method  em- 
ployed in  the  west  heading  has  already  been 
described.  From  the  river  heading  the  muck 
cars  are  run  to  the  bench  on  a  double  track, 
the  forward  cars  being  filled  by  the  bench 
muckers  and  the  after  cars  by  the  heading 
muckers.     The  muck  from  the  heading  is  car- 


^^iiMSk 


THE    WEST    PORT.XL   AN 

■on  the  ground  by  the  government  engineers. 
(See  cut,  page  428S). 

The  rock  work  at  the  east  portal  was  be- 
gun by  contract.  Under  the  supervision  of 
the  contractors  the  work  was  advanced  by  an 
undercutting  drift,  the  roof  being  subsequent- 
ly shot  down.  Owing  to  this  method,  and  to 
deficiencies  in  equipment,  as  will  be  shown 
below,  progress  was  unsatisfactory  and  the 
contractors  abandoned  their  task.  The  work 
was  then  taken  up  by  the  United  States  Re- 
clamation Service,  and  overcut  heading  and 
bench  work  was  installed.  Since  this  time 
the  work  has  been  making  very  satisfactory 
progress. 

As  mentioned  above,  the  height  of  the  hill 
over  the  tunnel  prevents  the  sinking  of  a 
shaft    for    ventilation    and    removal    of    ma- 


U    TOWN    OF    LLJ.\Nr.. 

ried  to  the  rear  cars  on  wheelbarrows,  over 
the  bench  and  onto  a  gang  plank,  supported 
above  the  cars  on  long  mining  bars.  This 
method  of  driving  a  tunnel  has  shown  its 
merits  and  proven  its  practicability  in  its  more 
rapid  advance  and  in  lower  cost  of  operation, 
as  demonstrated  by  complete  records  of  these 
details  for  both  systems,  kept  by  the  engin- 
eering force. 

ROCK    DKILLING. 

The  original  contractors  had  installed  a 
Leyner  air  plant  with  Water  Lcyner  drills, 
and  the  use  of  this  plant  was  continued  un- 
der the  new  system.  Four  Leyner  drills  were 
used  in  the  heading  and  two  on  the  bench. 
In  February  of  this  year,  Mr.  W.  H.  Davis, 
a  tunnel  man  of  experience,  was  appointed 
superintendent  of  heading  No.  i.     Shortly  be- 
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fore  April  ist  Sullivan  standard  three-inch 
drills  were  substituted  for  the  Leyner  ma- 
chines. This  change  produced  a  marked  in- 
crease in  the  progress  of  the  tunnel,  as  well 
as  a  considerable  saving  in  the  cost  of  drill 
repairs,  even  though  the  rock  became  con- 
tinually harder  as  the  tunnel  advanced.  It 
was  also  found  that  four  Sullivan  drills  in 
the  heading  with  one  on  the  bench,  were  suf- 
ficient to  successfully  carry  on  the  work.  The 
following  tables,  compiled  from  the  records 
kept   by   the   government   engineers,    will   give 


Cost   per    lineal    foot   of   holes    drilled, 

for  the  Leyner  drills 31 

Cost    per    lineal    foot   of    holes    drilled, 

for  the  Sullivan  drills 03 

The  engineer's  records  also  show  the  aver- 
age cost  of  repairs,  steel  and  labor  for  one 
Sullivan  drill  per  month  to  be  approximately 
29  per  cent,  of  the  cost  of  repairs  for  one 
Leyner  drill  per  month. 

POWER  PLANTS  AND  EQUIPMENT. 

The  power  plants  at  Lujane  and  River  Por- 
tal are  constantly  changing  as  the  work  ad- 
vances.    The    former   has   a   tendency   to   de- 


THE    BLACK    CANON    OF    THE    GUNNISON. 


an  idea  of  the  progress  made  up  to  date. 

The  following  results  were  tabulated  from 
a  special  report  in  the  engineer's  office,  com- 
paring the  relative  cost  of  the  rock  drill  re- 
pairs on  the  Leyner  drills,  for  a  period  of 
six  months,  from  September  ist,  1905,  to 
March  ist,  1906,  with  those  on  the  Sullivan 
drills  for  a  period  of  three  months,  from  April 
ist,  1906,  to  July  ist,  1906.  These  costs  are 
simply  for  the  repair  parts  required  for  the 
drills,  the  cost  of  the  steel  used,  and  of  the 
time  required  by  the  mechanic  in  making  the 
reoairs : 

Cost  per  lineal  foot  of  completed  tun- 
nel  section,   for   Leyner   drills $465 

Cost  per  lineal  foot  of  completed  tun- 
nel  section,   for   Sullivan   drills 86 


crease  in  extent,  owing  to  the  smaller  number 
of  headings  being  supplied  with  power,  and 
to  the  fact  that  the  grade  of  the  tunnel  is  to- 
ward the  west  portal.  The  plant  at  River 
Portal,  conversely,  has  a  tendency  to  increase. 
At  the  present  writing  the  Lujane  plant  proper 
comprises  three  electric  generators  rated  at 
275  kw.,  which  operate  three  high  speed  en- 
gines ;  two  straight  line  and  one  cross  com- 
pound steam  driven  compressors  with  a  total 
capacity  of  1,600  cubic  feet  of  free  air  per 
minute,  and  boilers  of  500  h.  p.  capacity.  In 
this  end  of  the  tunnel  are  installed  suitable 
pumps,  a  75  H.  p.  air  hoist,  two  25  h.  p.  blow- 
ers, and  three  electric  mine  locomotives,  with 
a   large  number  of    iJ4   yard   dump   cars.     A 
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number  of  air-driven  coal  augers  are  also  in 
use. 

At  River  Portal  the  plant  comprises  the  fol- 
lowing machinery:  One  1,000-foot  straight 
line  compressor,  and  one  cross  compound,  two- 
stage  compressor  with  a  capacity  of  600  cubic 
feet  of  free  air  per  minute.  The  air  pressure 
used  throughout  the  tunnel  is  100  pounds. 
Two  100  H.  p.  engines  are  driven  each  by  a  75 
k.  w.  250  volt  D.  C.  generator,  and  one  55  h. 
p.  engine  is  driven  by  a  1'  kw.  D.  C.  generator. 
Steam  power  is  supplied  by  three  80  h.  p.  hori- 


track,  and  the  entire  length  of  the  tunnel  is 
lighted  with  i6-candle-power  electric  lamps, 
with   arc  lights   in   the  headings. 

LABOR    .\XD    L.\B0R   CONDITIONS. 

The  camps  at  River  Portal  and  Lujane  are 
notably  well  equipped  and  well  built,  both  from 
a  sanitary  point  of  view  and  for  the  comfort 
and  entertainment  of  the  employes.  There  are 
a  few  tent  houses,  but  most  houses  are  board- 
ed, and  both  the  sides  and  roofs  are  covered 
with  roofing  paper,  which  makes  a  house  warm 


TABLE  No.  I 

Month,  1905 

Mar. 

April 

May 

June 

July     '  August 

Sept. 

Oct. 

Nov. 

j     Dec. 

*Number   of 
lineal    feet    of 

53 

i 

full  tunnel  sec- 

1 

tion  completed 


Number  of 
lineal  feet  of 
beading  com- 
pleted. 


Geological 
Formation. 


Surface 
Ground 


Hard 

Hard 

Gneis 

Schist 

Schist 

sold, 

with 

with 

hard 

Rotten 

Rotten 

and 

Mica 

Mica 

dry 

355 


I  Gray 

Genels-  I  Geneis-  ^'^^^^  '   Gneis- 

sold      j      sold  p^-ritio        so***  o"'"^ 

Granite    Granite  Quartz.    Gt^^iiite    Granite 

1  ite. 


181 


Genels- 
soid 


Rock 
very 

brittle 
with 
Blue 

Quartz 


*Xo  separate  record  was  kept  of  the  full  section  of  tunnel  finished  during  1905;  full  credit  was  given  during 
each  month  for  the  amount  of  under-cut  drift  made,  but  during  some  of  this  time  the  back  roof  was  as  much  {la 
1,000  feet  behind  the  face  of  the  drift. 


TABLE  No.  2 


Month,  1906                             1       Jan.             Feb.       t     March          April 

May 

June 

Number  of  lineal  feet  of  full  section            us        ,184                234                300 
completed. 

383 

373 

Numj)er    of    lineal    feet  of    heading            126               204        '        236        j        300 
made. 

377 

381 

Pink  to  a 
1     rotten 
Granite 
Geological  Formation.                    with  schist 

bordering 

ou  soft 
1      mud 

Varied  to  ,  Varied 

Hard           a  very      ^^om  hard 

Mica             hard         Granitic 

Schist        Granitic     ^^^*^f  "^ 

Gneiss        ^^'"K 
Granite 

Short 

grain  and 

tough  very 

hard  to 

drill 

Pink 
Granite 

zontal  tubular  high  pressure  boilers,  and  one 
100  H.  p.  boiler.  A  suitable  equipment  of 
pumps  and  condensers  is  installed.  In  the 
east  tunnel  there  are  in  use,  two  electric  mine 
locomotives,  an  adequate  number  of  dump  cars, 
one  50  H.  p.  hoist  with  a  3  ft.  6  in.  clutch- 
driven  drum,  and  a  blower  with  a  capacity  of 
5,000  cubic  feet  of  air  per  minute,  which  is 
used  for  ventilating  purposes,  the  air  passing 
through  an  18-inch  sheet  iron  ventilator  pipe. 
Eight  Sullivan  class  UD  drills  are  also  in  use 
in  this  heading,  five  of  which  are  used  in  driv- 
ing the  tunnel  and  three  kept  in  reserve. 
Thirty-pound    rails    are    used    for    the    tunnel 


in  winter  and  comparatively  cool  in  summer. 

Each  camp  is  equipped  with  a  small  but 
complete  hospital  in  charge  of  a  competent 
force  of  trained  nurses.  All  houses  are  light- 
ed with  electricity  and  connected  with  a  town 
water  supply.  A  well-organized  commissary 
is  operated  by  the  government,  also  a  large 
boarding  house,  provided  with  a  large,  roomy, 
well-ventilated  sanitary  kitchen,  where  the  un- 
married men  are  given  board.  Besides  all 
these  necessaries  of  life,  the  government  also 
provides  a  large,  well-lighted  and  ventilated 
reading  room,  a  town  hall  where  entertain- 
ments, dances  and  concerts  may  be  held,  and 
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also  a  billiard  room.  The  streets  are  kept 
thoroughly  clean,  and  quite  a  number  of  the 
family  houses  have  small  grass  plots  and 
flower  gardens  in  their  door  yards. 

The  writer  wishes  to  express  his  obliga- 
tions to  Mr.  I.  W.  McConnell.  the  construct- 
ing engineer  in  charge,  for  the  courtesy  and 
assistance  rendered  in  obtaining  the  necessary 
data  for  this  article,  also  for  the  favors  ex- 
tended by  members  of  his  engineering  staflf. 


steam  turbine  becomes  an  important  factor  in 
those  cases  where  there  are  non-condensing 
engines  and  other  sources  of  exhaust  steam. 


DERRICK  lOR  DL-MI!X(;  CARS.   RIVER  PORTAL. 

TURBO-BLOWERS 

In  a  paper  recently  presented  at  a  meeting 
of  the   British  Association   for   the   Advance- 
ment of  Science  by  Gerald  Stoney,  on  the  sub- 
ject of  "Recent  Advances  in  Steam  Turbines 
—Land  and  Marine,"  the  author  described  the 
development  of  the  steam  turbine  for  driving 
rotary    air    compressors    of   the    turbine   type, 
which  are  now  being  used  largely  for  blowing 
blast    furnaces.      The    advantages    gained    are 
light    weight,    small    foundation,    small    con- 
sumption of  oil  and  above  all,  high  economy 
of  steam  over  the  reciprocating  types  of  blow- 
ing engines.     The  outfits   described   are   gen- 
erally for  about  20,000  cubic  feet  of  free  air 
per  minute,  and  a  pressure  of  ten  to  fifteen 
pounds  per  square  inch.     A  slightly  different 
type  is  made  for  about  30,000  cubic  feet  per 
minute,  at  about  one  pound  per  square   inch 
pressure.    These  blowing  equipments  are  being 
used  in  several  large  iron  works  for  dealing 
with  the  waste  gases  from   furnaces   and  for 
driving   these   gases   through    the     recovering 
plant,    etc.,    an    important    feature    being   that 
they  do  not  clog  with  tar  and  other  matters. 
Since  it  is  nearly  impossible  to  use  econom- 
ically low-pressure  steam  at  about  atmospheric 
pressure  in  a  reciprocating  engine,  the  exhaust 


A     NEW     ROTARY     AIR     COM- 
PRESSOR 

It  will  probably  be  of  great  interest  to  users 
of  compressed  air  to  know  of  a  new  air  com- 
pressor which,  although  the  pistons  recipro- 
cate in  the  cylinders,  might  be  termed  a  ro- 
tar}-  compressor.  The  rapidly  increasing  use 
of  compressed  air,  due  to  the  development  of 
new  applications  and  to  the  improvements  in 
air  motors  and  air  tools,  has  brought  out  a 
large  number  of  compressors,  nearlj'  all  of 
which,  however,  are  of  the  same  general  de- 
sign and  construction.  Anything  new,  there- 
fore, in  air  compressor  design,  is  of  more  than 


VALVE  REMOVED  FROM  THE  SHAFT. 

ordinary  interest,  and  we  believe  our  readers 
will  be  particularly  interested  in  a  new  type 
of  machine  which  is  illustrated  by  the  accom- 
panying cuts.  This  machine  has  many  ad- 
vantages over  the  prevailing  reciprocating  type 
as  will  be  seen  from  the  general  construction 
as  described  below. 

In  general  outline  the  machine  resembles  an 
electric  generator.  By  removing  the  upper 
portion,  the  entire  mechanism  is  exposed  for 
examination  and  repair.  Where  belt  power  is 
used  for  driving  a  compressor,  a  belt  tightening 
sub-base  is  furnished.  This  in  itself  is  an  ad- 
vantage never  before  attained  in  compressor 
work. 

The  cj-^linders  are  of  cast  iron  completely 
water-jacketed,  and  are  single  acting,  radiat- 
ing from .  a  hollow  steel  shaft  on  which  the 
cylinder  casting  is  secured.  Each  cylinder  has 
a  single  port  at  its  inner  end  communicating 
with  the  interior  of  the  shaft.    These  ports  are 
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very  large  in  proportion  to  the  cylinder  capac- 
ity, allowing  for  a  large  intake  volume  without 
wire  drawing,  the  shaft  being  hollow,  the  in- 
take and  exhaust  air  passing  through  the  valve 
therein  contained  as  below  described. 

Thejdyinraers  are  cast  hollow  to  reduce  their 
weight  to  a  minimum  and  they  are  packed  with 
the  ordinary  type  of  snap  rings ;  furthermore, 
they  are  furnished  with  projections  on  their 
inner  ends  which  fill  the  ports  completelj^  thus 


The  inside  of  the  hollow  shaft  forms  the 
valve  seat.  The  valve  is  of  bronze  and  is  di- 
vided into  intake  and  exhaust  chambers  by  a 
partition.  Each  chamber  has  a  port  at  its  in- 
ner end  and  a  pipe  connection  at  its  outer. 
The  valve  is  anchored  to  the  case,  so  that  as 
the  shaft  revolves  around  it,  the  cylinder  ports 
pass  over  the  intake  port  during  the  outward 
motion  of  the  piston  in  the  cylinder.  At  the 
extreme  end  of  the  outward  stroke  intake  is 
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making  the  clearance  space  only  2  per  cent, 
in  the  smallest  sizes  of  compressors.  They  are 
suspended  at  their  outer  end  by  wrist  pins  in 
independent  yokes  which  revolve  around  a 
bearing  eccentric  to  the  shaft  bearing  on  which 
the  cylinders  turn. 

Ball  bearines  are  used  for  the  main  shaft 
and  the  eccentric  bearing,  this  construction 
being  made  possible  by  the  fact  that  they  are 
not  subjected  to  sudden  strains  or  shocks,  all 
motions  and  stresses  being  straight,  steady  and 
uniform. 


cut  off  and,  as  the  piston  is  forced  back  into 
the  cylinder,  the  air  is  compressed  to  approxi- 
mately the  receiver  pressure,  at  which  time  the 
cylinder  port  passes  over  the  discharge  port 
and  the  air  in  the  cylinder  is  expelled.  The 
different  periods  of  admission,  compression 
and  discharge  are  automatically  accomplished 
by  the  revolution  of  the  shaft  around  the 
valve.  The  valve  automatically  seats  itself 
because  of  the  pressure  on  the  discharge  side 
forcing  it  against  the  intake  port.  Longitudinal 
leakage  is  prevented  by  snap  rings  running  in 
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grooves   in   the  valve. 

The  cylinders  are  thoroughly  water-jack- 
eted and,  on  account  of  the  multiplicity  of 
single  acting  cylinders,  a  much  greater  cooling 
surface  per  cubic  foot  capacity  is  obtainable 
than  in  the  ordinary  double-acting  type  of 
compressor.  This,  of  course,  greatly  increases 
the  efficiency. 

An  idea  of  the  simplicity  of  this  machine 
may  be  acquired  by  glancing  at  the  following 


being  mounted  on  special  foundation.  The 
large  intake  and  port  areas  in  proportion  to 
the  piston  speed  and  capacity,  the  mechanically 
operated  valve  and  perfect  balance  make  high 
speed  possible  without  loss  in  efficiency  and 
economy.  This  permits  of  direct  connection  to 
electric  motors,  high  speed  gas  engines  or  the 
rotary  steam  motors  manufactured  by  the 
same  company  who  make  the  compressors. 
It   will  be   readily   apnreciated   that   this   de- 


CO.M PRESSOR    WITH    TOP    OK    CASE    REMOVED. 


complete  list  of  parts  which  go  to  make  up 
any  size  of  this  compressor : 

Case,  bottom ;  case,  top ;  8  cap  screws ;  i 
shaft  with  cylinders ;  4  pistons ;  8  yokes ;  4 
wrist  pins ;  2  bearings,  shaft ;  2  bearings,  ec- 
centric ;  I  drain  cock  for  oil ;  2  water  connec- 
tion bolts  (hollow)  ;  i  valve;  2  anchor  screws 
for  valve ;  2  water  rings ;  i  sub-base  complete. 

Other  important  advantages  possessed  by 
this  compressor  are  its  light  weight  and  per- 
fect balance,  enabling  it  to  be  operated  without 


sign  is  equally  applicable  to  pneumatic  motors 
and  vacuum  pumps,  both  of  which  are  included 
in  this  line  of  apparatus. 

At  the  present  time  these  machines  are  man- 
ufactured in  capacities  of  from  i  cubic  foot 
of  free  air  per  minute  to  150  cubic  feet.  Fur- 
ther information  may  be  obtained  regarding 
their  design  and  construction  from  the  manu- 
facturers, The  Rotene  Engineering  Company, 
299  Broadway,  New  York. 
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LIQUEFACTION  of  air  is  advantageously 
effected   when   the  air   is   initially  at   its 
critical  pressure  of  about  40  atmospheres, 
and  is  cooled  by  the  circulation  around  it  of  air 
which  has  been  cooled  by  expansion,  but  to  no 
great   extent.     An    arrangement    described   by 


COMPRESSED   AIR^  = 

Its    Production,    Transmission    and 

Application 

By  Lucii  >  1.  W  KaiTMAN. 
If  there  is  truth  in  the  saying  that  old  age 


M.  G.  Claude  in  Comptes  Rcndus  is  this :     A       commands    respect,    compressed    air    certainly 
tube   is   connected   with   two   liquefiers   and   an       has  strong  claims  for  respectful  consideration, 


BELT    DRIVEN    COMPRESSOR    MOUNTED   O.V    BELT   TIGHTENING    SUB-BASE. 

As  a  guide  to  the  weights  and  sizes,  the  12  cu.  ft.  machine  weighs  22s  lbs.  complete  with  sub-base  and^-uns  at"6so 
r.  p.  m.    The  floor  space  is  17"  x  21"  and  total  height  to  top  of  eye  bolt  22". 


expanding  ciiamber ;  compressed  air  is  led  into 
this,  some  going  to  fill  the  liquefiers  and  the 
remainder  passing  into  the  chamber,  where  it  is 
expanded  to  fall  only  to  about  160  deg.  Cent., 
passing  then  round  the  first  liquefier  wherein  it 
produces  liquefaction  at  140  deg.,  to  which  tem- 
perature it  rises  itself,  then  passing  on  through 
a  second  similar  expanding  chamber,  whereby 
it  again  falls  to  160  deg.,  afterwards  circulat- 
ing round  the  second  liquefier  and  acting  on  it 
as  before,  and  finally  passing  away  round  the 
inlet  tube  and  so  cooling  the  entering  com- 
pressed air.  By  this  method  850  ccin.  of  liquid  ' 
air  have  been  ob'ained  per  h.p.  hour. 


for  its  past  reaches  far  beyond  the  beginnings 
of  recorded  history.  It  is  not  a  great  stretch 
of  the  imagination  to  picture  the  primeval 
savage,  in  a  canoe  hewn  from  a  log  with  a 
stone  axe  and  shaped  with  the  aid  of  fire,  sail- 
ing over  the  streams  and  inlets  of  prehistoric 
lands  under  the  impulse  of  the  wind  caught  \n 
a  rude  sail  of  skins  stretched  on  a  crude 
wooden  framework.  But  this  is  a  practical  age 
and  this  is  a  company  of  very  practical  men ; 
and  in  such  a  place  these  imaginary  pictures 
have  no  place. 

♦Abstract  of  paper  read  before  EiiKineers  Society  of 
VV'estern  Pennsylvania. 
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Coming  now  to  facts,  there  can  be  no  doubt 
that  air  compressed  in  some  degree  found 
practical  application  in  the  very  earliest  ages 
of  man's  history.  The  reduction  of  metals 
from  their  ores  was  one  of  the  earliest  arts  ac- 
quired by  mankind;  and  the  blast  furnace 
must  have  been  the  basis  of  these  processes. 
Just  what  form  these  primitive  compressors 
had    must   be    very   largely   a    matter   of   con- 


power  development.  The  earliest  authentic 
records  of  compressed  air  are  found  in  the 
"Spiritalia"  of  this  old  philosopher.  He  him- 
self must  have  had  some  means,  other  than  the 
common  bellows,  for  producing  the  pressures 
required  in  operating  "Hero's  Fountain," 
which  is  a  feature  of  all  the  te.xt  books  on 
physics. 

The  priests  of  ancient   Eg\-pt  largely  owed 


MOTOR    DRIVEN    ROTENG    COMPRESSOR;    W.\TER    COOLED;   65O   R.r.  M. 


jecture.  But  no  doubt  their  prototypes  are 
found  in  the  appliances  still  used  by  savage 
tribes.  Among  these  may  be  mentioned  the 
"wind  bag"  of  skin,  trodden  by  the  feet,  and 
the  wooden  box  and  movable  piston,  the  orig- 
inal of  the  modern  air  compressor;  and  the 
simple,  modest  little  bellows  of  the  fashionable 
fireside  of  to-day  is  doubtless  but  little  differ- 
ent from  those  used  on  the  hearths  of  the  most 
ancient  homes. 

Heron — or   Hero — of   Alexandria   may   per- 
haps be  considered  the  individual  pioneer  in  air 


their  sway  over  the  credulous  people  to  their 
understanding  of  the  more  elementary  proper- 
ties of  air.  Their  supernatural  phenomena — 
so-called — are  easily  explained  to-day  by  the 
most  simple  laws.  The  miraculous  opening  of 
the  temple  doors  when  a  fire  was  lighted  on 
the  altar  was  caused  simply  by  the  expansion 
of  a  volume  of  air  under  the  heat  of  the  altar 
fire,  this  expanded  air  displacing  water  from 
a  tank  into  a  suspended  bucket,  so  connected 
by  rollers  and  cords  as  to  open  the  doors  by 
its  weight.     When  the  fire  went  out,  the  doors 
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closed — most  supernaturally,  to  be  sure — by  a 
reversal  of  this  process.  By  the  same  means 
did  the  famous  statue  of  the  god  Serapis  move. 
on  proper  occasions.  And  the  awe-inspiring 
vocal  statue  of  Memnon  at  Thebes  owed  its 
divine  voice  to  the  expansion  and  contraction 
of  an  air  volume  under  the  heat  of  morning 
and  the  cool  of  evening. 

Hero   himself — probably   the   first    "hot   air" 


seems  to  be  lost.  It  reappears  again  in  the 
writings  of  Lord  Bacon,  who  describes  a  diving 
bell.  Then  come  the  records  of  achievement 
of  Halley,  Smeaton  and  Brunei,  in  England, 
and  Von  Guericke  in  Germany.  Papin,  about 
1653,  devised  a  compressed  air  system  in- 
volving compression  in  a  water-wheel-driven 
pump  and  transmission  through  a  tube  to  a 
distance.     He  also  e.xperimented  with  a  pneu- 
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artist — knew  of  a  means  of  compressing  air 
by  the  fall  of  water  in  a  tube — a  precursor  of 
the  modern  hydraulic  compressor.  Pliny  later 
mentions  a  similar  device.  Ctesibius,  a  famous 
Alexandrian  engineer  of  about  120  B.  C,  in- 
vented "wind  guns"  capable  of  discharging 
projectiles.  To  him  must  be  awarded  the  palm 
as  the  first  to  produce  and  apply  high  press- 
ures. 

But  these  are  historic  curiosities.  Passing  on 
rapidly,  in  the  darkness  of  the  early  Christian 
era  and  of  the  Middle  Ages,  compressed  air 


matic  parcel  dispatch.  His  attempts  failed 
through  ignorance  of  the  fundamental  phy- 
sical  properties  of  air. 

The  latter  part  of  the  eighteenth  century 
and  the  early  part  of  the  nineteenth  mark  the 
real  birth  of  air  power.  During  this  period 
Medhurst,  the  '-reat  Danish  engineer  working 
in  England,  laid  the  foundations  of  present 
pneumatic  practice.  He  produced  and  trans- 
mitted pressures  of  more  than  200  lbs.,  and  ap- 
plied them  in  motors;  he  developed  a  prac- 
tical, though  not  economical,  system  of  pneu- 
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matic  dispatch  for  parcels  and  persons;  he 
built  the  first  pneumatic  automobile  in  1800; 
and  he  otherwise  contributed  richly  to  pneu- 
matic science.  Compressed  air  as  a  distinct 
and  recognized  branch  of  engineering  may  be 
said  to  date  from  this  period ;  and  under  the 
mechanical  renaissance  of  this  time,  develop- 
ments were  rapid.  The  experiments  of  this 
time  foresliadow.  in   diversity  and  daring,  the 


system  of  stage  compression  with  intercooling. 
But  he  lost  a  splendid  opportunity  to  win  an 
immortal  name  in  science  by  his  failure  to  de- 
velop his  ideas ;  they  lay  dormant  for  almost 
half  a  century.  The  great  Alpine  tunnels  of 
the  early  70's  gave  a  tremendous  impulse  to 
pneumatic  development.  Sommeiler,  on  the 
Mont  Cenis  bore,  used  hydraulic  compressors. 
Later     developments     in     this     tunnel     work 


(,.\SOLEXE  EiN(;i.\E   IJKIVEN   KOTEN'G    COMl'KE.SSOK  ;    050    k.    1' 


great  achievements  of  to-day.  Pneumatic  loco- 
motives and  motor  cars  were  built  and  oper- 
ated. Pneumatic  dispatch  svstems  achieved  a 
practical  success  in  London  in  1845.  America 
was  not  behind  the  old  world ;  and  Dr.  Gorrie, 
of  New  Orleans,  built  the  first  refrigerating 
plant  in  1850  and  laid  the  principles  upon  which 
rest  the  tremendous  refrigerating  systems  of 
to-day. 
Mann,    in    1829,    suggested    and    patented    a 


brought  water  piston  compressors,  with  in- 
jected jets  or  sprays  for  cooling;  and  pneu- 
matic locomotives  were  used  for  haulage  in 
these  great  bores.  The  Hoosac  tunnel  in 
America  first  brought  the  pneumatic  rock  drill 
into  prominence ;  and  since  that  time  the 
genius  of  Burleigh,  Ingersoll,  Rand,  and  Ser- 
geant has  produced  the  modern  rock  drill — 
probably  the  greatest  single  epoch-making  de- 
vice, after  the  steam  engine,   in  history. 
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This  historical  sketch,  brief  as  it  is,  is  con- 
vincing proof  that  compressed  air  has  a  le- 
gitimate claim  to  dignity  and  consideration.  It 
has  ceased  to  be  a  novelty;  it  has  passed  the 
experimental  stage.  It  is  to-day  a  recognized 
industrial  necessity,  hrmly  established  as  one 
of  the  accepted  indispensable  factors  in  modern 
progress. 

Compression,  or  an  increase  in  the  density  of 
a  body  of  air,  is  invariably  accompanied  by  an 
increase  in  temperature.  This  increase  in  tem- 
perature is  wholly  independent  of  the  rate  or 
means  of  compression.  It  is  a  phenomenon 
inherently  characteristic  of  the  compression 
process  ,and  is  the  direct  result  of  an  increased 
molecular  activity  in  the  air.  The  temperature 
attained  is  a  function  of  the  degree  of  com- 
pression ;  but  the  factor  is  not  a  constant, 
being  largest  in  the  early  stages  of  compres- 
sion and  decreasing  as  the  higher  pressures  are 
approached.  It  is  a  fundamental  law  of  physics 
that  the  production  of  heat  demands  an  ex- 
penditure of  power ;  and  the  power  consumed 
in  producing  heat  in  air  compression  is  lost, 
so  far  as  the  inherent  economy  of  compression 
is  concerned.  But  in  actual  practice,  this  heat 
might  be  made  use  of.  In  one  notable  air 
power  plant,  the  heated  water  from  jackets 
and  intercooler  was  led  to  the  feed-water 
heater  and  in  this  way  there  was  at  least  a 
partial  recovery  of  the  lost  energy.  The  de- 
gree of  heating  of  jacket  water  depends  largely 
upon  its  rate  of  flow  over  the  heated  surfaces  ; 
and  if  any  attempt  is  made  to  use  this  heated 
water  for  boiler  feed,  there  is  a  fine  problem  in 
determining  the  exact  point  beyond  which  the 
economy  ceases  to  be  a  virtue.  For  in  a  desire 
to  secure  hot  jacket  water,  the  efficiency  of 
compression  may  be  sacrificed. 

This  heat  of  compression  is  productive  of 
other  evils  which  can — in  degree  at  least — be 
obviated ;  and  the  efforts  of  compressor  de- 
signers have  from  the  very  first  been  directed 
toward  this  end.  In  the  path  of  every  pneu- 
matic engineer  loom  two  guide  posts ;  the 
one  points  the  way  to  economy,  and  success — 
the  other  marks  the  nath  to  disappointment  and 
failure.  The  first  is  isothermal  compression — 
the  second  is  adiabatic  compression. 

Isothermal  compression  is  a  visionary  pro- 
cess in  which  the  heat  developed  in  compres- 
sion is  removed  as  fast  as  produced  and  is, 
therefore,  harmless.  It  would  be  a  realization 
of  Boyles'  law,  in  the  expression  of  which — 
Pi  Vi  ^  P2  Vj  =  K  the  factor  T  docs  not  ap- 


pear. Though  the  best  air  compressor.-,  of  to- 
day closely  approximate  its  values,  isothermal 
compression  cannot  be  fully  realized,  for  a  per- 
fect cooling  system  is  not  known  and,  so  far  as 
can  be  seen  at  present,  never  will  be. 

Adiabatic  compression,  on  the  other  hand,  is 
a  grim  and  forbidding  reality — a  compression 
process  in  which  all  of  the  heat  developed  is 
retained.  It  represents  the  two  Primary  Laws 
of  Gases  in  combination;  and  its  expression, 
involving  the  three  variables  of  pressure,  tem- 
perature, and  volume,  is  as  follows : 

Pi  V,  (T.+459.2)==P=  V.  (T>-f  459.2). 

There  is  a  slim  consolation  to  be  derived 
from  the  fact  that  adiabatic  compression,  too, 
cannot  be  wholly  realized ;  for  no  perfect  heat 
insulator  is  known.  But  this  fact  brings  more 
sorrow-  to  the  heart  of  the  scientific  investi- 
gator than  to  the  practical  engineer. 

Assuming  for  a  moment  that  it  were  pos- 
sible to  compress  a  volume  of  air  isothermally, 
and  remembering  that  the  product  of  pressure 
and  volume  under  this  condition  will  remain 
constant,  it  is  seen  that  when  the  original 
volume  has  been  reduced  one  half,  the  pressure 
attained  must,  therefore,  be  twice  the  original. 
But  practice  rudely  shatters  these  theoretical 
assumptions.  For,  as  a  matter  of  fact,  it  is 
found  that  the  pressure  is  doubled  before  the 
volume  is  reduced  one  half;  and  a  very  de- 
cided rise  in  temperature  is  noted.  Consider- 
ation of  these  facts  lorces  the  conclusion  that 
a  part  of  the  work  of  compression  was  ex- 
pended in  producing  the  rise  in  temperature 
noted;  and  furthermore,  it  becomes  painfully 
evident  that  this  heat  increment  of  work  is,  so 
far  as  the  compression  process  is  concerned, 
wholly  lost.  In  other  words,  when  the  air 
during  compression  is  allowed  to  heat  itself, 
more  power  is  required  to  produce  a  given 
volume  at  a  given  pressure  than  would  be  ne- 
cessary if  it  were  possible  to  keep  the  air  cool 
throughout  the  process.  In  the  first  case,  there 
would  be  adiabatic  compression ;  in  the  second, 
isothermal  compression.  This  is  a  very  brief, 
ver>'  elementary  statement  of  the  phenomena 
which  give  rise  to  the  problems  which  have 
confronted  the  designers  of  the  modern  air 
compressor. 

It  will  have  been  seen  from  the  foregoing 
brief  discussion  that  the  fundamental  problems 
of  pneumatic  science  arc  thermo-dynamic  in 
character.  The  production  of  heat  in  com- 
pression is  unavoidable.  The  solution  of  these 
basic  problems,  therefore.   lies   in   the   removal 
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or  neutralization  of  this  heat  of  compression 
before  it  can  have  any  effect  on  the  air  volume. 
This  cannot  be  done  completeh-,  since  no  per- 
fect and  instantaneous  cooling  device  is  known. 
Scheme  after  scheme  has  been  tried  and  found 
wanting,  until  to-day  two  general  systems 
alone  survive  and  are  accepted  by  the  designers 
of  compressed  air  machinery.  In  combina- 
tion, they  attain  the  nearest  approach  to  the 
ideal  which,  as  has  been  seen,  is  isothermal 
compression. 

First  of  these  two — by  right  of  seniority  if 
not  of  effectiveness — stands  jacket  cooling. 
The  barrels  and — in  the  best  air  compressors — 
the  heads  of  the  compression  cj'linders  are  sur- 
rounded by  a  water  space  or  jacket  through 
which  an  adequate  supply  of  cold  water  circu- 
lates, the  waste  water  carrying  away  that  por- 
tion of  the  heat  of  compression  which  is  con- 
ducted from  the  air  volume  through  the  metal 
Kvalls.  A  possible  use  of  this  heated  water 
has  already  been  suggested.  Water  jacketing 
is  useful,  but  not  adequate.  It  is  useful;  first, 
because  it  prevents  the  cumulative  effects  of 
the  heat  of  compression  which  would  quickly 
destroy  all  lubricants  and  result  in  injurious 
expansion  strains  in  the  metal  of  the  machine ; 
second,  because  it  keeps  the  temperature  of 
the  air  admission  passages  and  valves  low, 
thus  admitting  cooler  air  to  the  cjdinder — and 
every  reduction  of  5°  in  intake  temperature  is 
equivalent  to  an  increase  of  1%  in  compres- 
sion efficiency.  Water  jacketing  is  not  ade- 
quate; first,  because  air  is  a  poor  heat  con- 
ductor and  though  the  outer  film  in  contact 
with  the  cylinder  walls  is  cooled,  the  heat 
from  the  interior  of  the  air  volume  remains; 
second,  because  the  advancing  piston  contin- 
ually covers  up  more  and  more  of  the  cylinder 
walls  and  the  cool  area  exposed  is  continually 
reduced  until,  just  when  the  highest  temper- 
ature is  attained  at  point  of  discharge,  only  a 
small  fraction  of  the  total  cooling  surface  is  in 
contact  with  the  compressed  air.  The  jacket- 
ing of  cylinder  heads  as  well  as  barrels  in  the 
best  compressors  of  to-day  improves  but  does 
not  wholly  obviate  this  defect. 

The  second  accepted  system  of  cooling  is  that 
secured  by  stage  compression.  In  this  ar- 
rangement, instead  of  being  confined  to  a  single 
cylinder  (or  parallel  duplex  cylinders),  the 
compression  process  is  subdivided  between  two 
or  more  cylinders.  In  the  first  and  largest,  air 
at  atmospheric  pressure  and  temperature  is  ad- 
mitted and  compressed  to  a  moderate  pressure 


and  temperature.  This  compressed  air  is  dis- 
charged into  an  intercooler  where  its  temper- 
ature is  reduced,  by  circulation  over  and  con- 
tact with  water-cooled  surfaces,  to  almost  that 
of  the  cooling  water — perhaps  really  lower  than 
atmospheric  temperature.  From  the  inter- 
cooler, this  cool  and  moderately  compressed  air 
enters  a  second  cylinder  and  is  compressed  to 
a  higher  pressure.  In  a  two-stage  compressor, 
this  completes  the  process;  in  three  and  four 
stage  machines,  the  process  is  continued  in  a 
third,  or  a  third  and  fourth,  cylinder.  Cor- 
rect design  so  proportions  the  cylinder  diam- 
eters that  the  load  on  all  pistons  is  equal  and 
the  maximum  temperatures  in  all  cylinders 
should  under  such  conditions  be  approximately 
the  same,  since  this  is  a  function  of  the  num- 
ber of  compressions  and  not  of  the  initial 
pressure. 

It  may  be  said  in  passing  that  in  the  early 
days  of  pneumatic  science  a  third  system  of 
cooling  was  tried — the  injection  of  water  in  a 
spray  into  the  compressing  cylinder  in  front  of 
the  piston.  It  may  be  interesting  to  note  here 
that  this  was  one  of  the  first  types  of  com- 
pressors built  by  the  Ingersoll  Rock  Drill 
Company — one  of  the  originals  of  what  is  now 
the  Ingersoll-Rand  Company;  and  some  of 
these  old  machines  are  still  in  use  today  and 
doing  good  work.  Their  compression  economy 
was  as  high  as,  if  not  higher  than,  that  of  the 
most  refined  modern  types.  But  they  were 
costly  machines.  The  presence  of  water  in  the 
cylinders  enforced  a  low  piston  speed  and,  to 
secure  any  great  capacity,  a  machine  so  large 
was  required  as  to  offer  serious  objection  to 
their  wide  adoption.  Moreover,  the  proper 
regulation  of  the  injection  of  cooling  water 
under  varying  loads  was  a  delicate  problem. 
Practical  difficulties  were  found  to  more  than 
offset  their  high  efficiency,  and  the  type  was 
discarded. 

Returning  to  the  question  of  stage  compres- 
sion, the  success  of  the  multi-stage  system  of 
air  compression  depends  more  upon  the  effi- 
ciency of  the  intercooler  than  upon  any  other 
one  thing.  For  the  primary  object  of  stage 
compression  is  the  reduction  of  the  power  re- 
quired. There  are  other  advantages  which 
will  be  mentioned  later,  but  at  this  point  a 
comparison  of  the  gains  by  compounding  will 
show  strikingly  the  economical  advantage.  As 
sume  a  volume  of  100  cubic  feet  of  free  air 
which  is  to  be  compressed  to  a  pressure  of  100 
lbs.    gauge.      Were    perfect    isothermal    com- 
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pression  possible,  this  would  require  13.17 
horse  power  to  accomplish  the  work  indicated. 
Average  single  stage  compression,  which  may 
be  considered  as  practically  adiabatic  will  call 
for  18.0  horse  power.  Two  stage  compression 
will  demand  15.4  horse  power;  three  stage,  14.6 
horse  power;  and  four  stage,  14.2  horse  power. 
As  compared  to  isothermal,  then,  the  efficiency 
of  single  stage  compression  in  this  case  is 
73.2% ;  of  two  stage,  85.5% ;  of  three  stage, 
go.2% ;  and  of  four  stage,  92.7%.  These  are 
purely  theoretical  considerations.  As  a  matter 
of  fact,  two  stage  compression  should  be  used 
in  this  case.  For,  while  theoretically  there  is 
undeniably  a  higher  saving  in  three  and  four 
stages,  the  added  complication  of  design  in  the 
increased  number  of  cylinders,  valves  and 
working  parts,  with  complex  coolers,  might  so 
increase  f rictional  losses  as  to  offset  the  gain ; 
and  it  would  certainly  add  to  cost  of  mainte- 
nance. 

The  experience  of  the  best  builders  of  com- 
pressors has  determined  the  following  limits 
for  pressures  in  different  stages ;  single  stage, 
up  to  100  lbs. ;  two  stage.  75  to  500  lbs. ;  three 
stage  (straight  line),  500  to  2500  lbs.;  three 
stage  (duplex),  500  to  1500  lbs.;  four  stage, 
500  to  3000  lbs.  The  real  difference  in  econ- 
omy between  three  and  four  stage  compression 
is  often  so  small  as  to  make  a  choice  difficult. 
As  a  general- rule,  it  may  be  said  that  three 
stage  straight  line  compressors  should  be  used 
for  comparatively  small  capacities ;  for  moder- 
ate and  large  air  capacities,  its  balanced  feat- 
ures and  its  ready  adaptability  to  steam  com- 
pounding recommend  the  duplex  type.  A  three 
stage  duplex  will  still  require  four  cylinders, 
hence  the  process  might  as  well  be  divided  into 
four  stages,  with  no  increase  in  w'orking  parts. 

The  design  of  these  high  pressure  machines 
offers  peculiar  difficulties.  While  the  temper- 
atures attained  are  not  excessive,  the  great  re- 
duction in  volume  has  made  the  problem  of 
adequate  cooling  unusually  difficult.  But  be- 
.fore  considering  this  specific  phase  of  the  sub- 
ject, it  will  be  well  to  take  up  the  general  sub- 
ject of  intercoolers. 

The  successful  intercooler,  looked  upon 
simply  as  a  heat-removing  element,  involves 
several  important  considerations.  It  must 
provide  for  a  very  complete  subdivision  of  the 
air  volume,  that  internal  heat  may  be  dissipated 
with  as  little  reliance  as  possible  upon  the  heat- 
conducting    properties    of    the    air    itself.      It 


must  present  an  adequate  cooling  surface  to 
this  subdivided  air;  and  it  must  provide  for 
a  circulation  of  cooling  water  not  only  rapid 
and  free,  but  also  properly  directed  in  relation 
to  the  flow  of  air.  The  first  two  considerations 
are  met  by  the  same  means,  viz.,  by  the  use  of 
a  nest  of  tubes  through  which  the  water  flows, 
and  over,  about  and  between  which  the  heated 
air  circulates.  Properly  disposed  baffle  plates 
enforce  the  travel  of  the  air  back  and  forth 
across,  instead  of  merely  along,  these  tubes. 
The  air  must  be  outside,  not  inside,  the  tubes ; 
otherwise  each  tube  will  contain  a  column  of 
air.  only  the  outer  film  of  which  will  be 
cooled,  the  interior  retaining  its  heat.  The 
third  consideration  is  met  by  causing  the  air 
to  flow  in  the  onoosite  direction  to  the  water. 
This  is  found  to  give  higher  efficiency  and 
greater  rapidity  of  heat  absorption.  A  fourth 
consideration  ought  also  to  be  mentioned,  as 
effecting  the  thermal  efficiency  of  the  inter- 
cooler. This  is  the  necessity  for  ample  cross- 
section  in  the  intercooler  passages,  that  the 
travel  of  the  air  may  be  slow  and  the  contact 
with  cooling  surfaces  prolonged.  Some  mod- 
ern compressors,  while  having  plenty  of  cool- 
ing surface,  have  the  tubes  so  closely  bunched 
and  the  intercooler  shell  so  small  that  the  air 
velocity  in  transit  destroys  the  thermal  ef- 
ficiency. 

Considerations  merely  mechanical  in  the  cor- 
rect design  of  an  intercooler  are  none  the  less 
important.  Expansion  and  contraction  must 
be  provided  for;  otherwise  there  results 
either  a  leakage  of  air  and  a  proportionate 
waste  of  power,  or  a  leakage  of  water  into  the 
air  chamber,  which  may  be  carried  over  into 
the  next  cylinder.  This  suggests  a  very  im- 
portant point,  viz.,  the  proper  drainage  of  the 
intercooler.  The  lowering  of  the  temperature 
of  the  air  condenses  the  entrained  moisture. 
If  this  is  not  removed  at  proper  times,  it  will 
accumulate  over  the  lower  tubes,  reducing  the 
cooling  area  as  well  as  the  air  passage.  But 
the  greatest  danger  is  that  this  accumulation 
of  water  will  be  caught  in  the  sweep  of  air 
and  carried  over  in  a  mass  into  the  high 
pressure  cylinder;  and  a  broken  cylinder 
head,  bent  piston  rod,  or  other  disaster  will 
result. 

Evidently  such  an  intercooler  as  has  just 
been  described,  while  perfectly  suitable  for 
two  stage  compression,  or  even  three  where 
the  air  volume  is  large,  is  not  practical  with 
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the  small  air  volumes  involved  in  the  later 
stages  of  high  pressure  compression,  particu- 
larly in  machines  of  small  capacity.  But  long 
experience  and  good  engineering  have  solved 
the  problem  with  success.  The  method  adopted 
is  the  complete  submersion  of  the  intermediate 
and  high  pressure  cylinders  in  water  boxes 
filled  with  circulating  cold  water.  In  this  way 
every  inch  of  metal  exposed  is  a  cooling  sur- 
face; valve  caps,  air  heads,  ports,  and  cylin- 
der walls — ^all  are  kept  cool,  while  intercylinder 
cooling  is  secured  by  novel  devices.  It  will  be 
enough  to  describe  one  which  experience  and 
careful  test  have  shown  to  be  most  effective 
and  efficient — the  "annular  space"  intercooler. 
It  consists  of  two  concentric  metal  cylinders, 
as  thin  as  the  pressure  will  permit.  Their  dif- 
ference in  diameter  is  such  as  to  leave  a  thin 
annular  space  between  them,  through  which 
the  heated  air  from  the  intermediate  cylinder 
must  pass,  spreading  out  in  a  thin  film  between 
two  cold  metal  walls.  The  coldest  entering 
water  is  discharged  in  the  interior  of  the  inner 
cylinder,  and  flows  thence  into  the  water  box 
in  which  the  intercooler,  as  well  as  the  com- 
pression cylinders,  is  immersed.  The  discharge 
pipe  from  the  intermediate  cylinder  to  the  in- 
tercooler is  entirely  submerged,  itself  acting  in 
some  degree  as  a  cooler. 

High  pressure  compressors  are  no  longer 
"freak"  machines,  unreliable  and  largely  ex- 
perimental. The  increasing  use  of  high  press- 
ure air  has  demanded  a  solution,  once  for  all, 
of  the  problems  of  high  pressure  compression; 
and  the  pneumatic  engineer  has  been  equal  to 
the  task.  The  best  thousand  pound  pressure 
compressors  of  to-day  are  as  reliable,  as  effic- 
ient, as  thoroughly  "standard,"  as  the  lower 
pressure  machines. 

It  was  mentioned  earlier  in  this  paper  that 
there  were  other  advantages  than  increased 
economy  to  be  gained  by  compound  or  stage 
compression.  They  are  well  worthy  of  con- 
sideration in  their  effect  upon  ultimate  econ- 
omy and  will  be  briefly  discussed  here. 

The  mechanical  structure  of  a  machine  must 
be  adequate  to  the  maximum  strain  upon  it. 
This  predetermines  the  minimum  amount  of 
material  in  it.  But  the  endurance  of  that  ma- 
chine depends  upon  its  factor  of  safety ;  and 
good  design  demands  that  this  be  kept  large, 
with  the  minimum  amount  of  metal  used.  In 
other  words,  while  the  maximum  strain  must 
be  provided  for,  the  average  strain  must  be 
kept  well  below  the  maximum,  if  the  machine 


is  to  operate  well  under  long  and  continuous 
service.  Compound  air  compression  reduces 
the  structural  strains  in  the  compressor,  re- 
sulting in  a  higher  factor  of  rafety  and  longer 
life  for  the  machine,  with  a  given  weight  of 
metal.  In  a  single  stage  compressor,  the  piston 
starts  against  no  resistance  but  rapidly  builds 
up  a  pressure  to  terminal  maximum  ;  and  this 
IS  maintained  until  it  is  instantly  relieved  by 
the  opening  of  the  intake  valves.  A  24-inch 
piston  compressing  to  100  lbs.  gage,  single 
stage,  encounters  a  total  resistance  of  45,239 
lbs.  or  nearly  23  tons ;  and  at  90  r.  p.  m.  this 
is  encountered  and  relieved  180  times  each 
minute.  It  will  take  the  best  of  metal  and 
plenty  of  it  to  stand  up  under  such  service  as 
this.  But  let  this  same  work  be  done  in  two 
stages.  The  maximum  pressure  on  the  low 
pressure  piston  will  depend  upon  the  cylinder 
ratios.  The  pressures  in  the  high  and  low 
pressure  cylinders  will,  moreover,  partially 
balance  and  equalize ;  and  it  is  found  that  as 
a  matter  of  fact,  the  maximum  strain  in  the 
machine  is  reduced  to  only  55  or  60  per  cent  of 
the  maximum  in  single  stage  compression — in 
the  e.xample  cited,  from  4140  "ton  minutes"  to 
2277  or  2484  "ton  minutes."  These  are  im- 
pressive figures  and  suggest  almost  unlimited 
possibilities  in  the  way  of  improved  operation 
and  longer  life.  This  difference  in  pressures 
\s  felt  not  only  in  the  machine  structure,  but 
also  in  the  valves,  which  must  always  be  con- 
sidered the  most  vulnerable,  as  well  as  most 
vital,  detail  of  the  compressor.  But — and  here 
is  a  vital  point  too  often  overlooked  by  the 
designer — this  maximum  strain  of  4140  ton 
minutes  must  still  be  provided  for  in  the 
machine  structure.  For  the  momentary  failure 
of  cooling  water  supply,  or  the  breaking  of  a 
high  pressure  discharge  valve  may  at  any 
moment  throw  this  full  high  pressure  load  on 
the  low  pressure  cylinder.  When  this  happens 
in  a  compressor  designed  only  for  compound 
strains,  there  is  nothing  to  be  done  but  sit 
down  and  figure  the  damages.  The  engineer 
or  manager  contemplating  the  purchase  of  a 
compound  compressor  will  do  well,  when  it 
comes  to  a  comparison  of  prices,  to  figure  the 
comparative  costs  per  unit  weight;  and,  other 
things  being  equal,  he  should  give  his  order  to 
the  builder  of  the  heavier  machine,  whose 
price,  figured  on  this  basis,  will  not  seem  so 
unreasonablly  high.  But  there  are,  unfor- 
tunately, builders  who,  alive  to  this  fact,  give 
list    weights    on    their    machines    higher    than 
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strict  honesty  would  permit ;  and  ihc  only 
safety  for  the  buyer  is  in  the  insertion  of  a 
penalty  clause  in  his  contract,  based  on  the 
actual  net  weight  of  the  compressor.  This 
will  protect  him  against  over-enthusiastic  and 
imaginative  manufacturers. 

Another  advantage  of  compound  compres- 
sion lies  in  the  improved  steam  economy  if  the 
machine  is  steam  driven.  The  conditions 
just  cited  in  the  previous  paragraph  explain 
this.  It  was  seen  that  the  terminal  strain  on 
the  machine,  and  therefore  the  terminal  power 
required,  was  reduced  by  compounding  55  to 
60  per  cent.  Manifestly  this  permits  a  low-er 
mean  effective  pressure  in  the  steam  cylinder, 
secured  by  a  shorter  cut-off,  since  the  powder 
required  at  the  end  of  the  stroke  is  so  much 
reduced.  More  of  the  work  of  "passing  cen- 
ter" may  be  entrusted  to  the  energy  of  the  fly- 
wheel, instead  of  being  provided  for  by  a  late 
cut-off.  The  mechanical  features  already  men- 
tioned permit  also  a  higher  piston  speed,  im- 
proving the  steam  economy  by  reducing  leak- 
age and  condensation   losses. 

Compounding  the  compressor  also  has  an 
important  bearine  on  the  volumetric  efficiency 
of  the  machine — a  fact  which  is  due  to  three 
causes.  As  effecting  volumetric  efficiency,  the 
clearance  in  only  the  low  pressure  or  intake 
cylinder  need  be  considered.  In  the  single 
stage  machine,  clearance  air  at  end  of  stroke 
may  be  at  a  pressure  three  or  four  times  that 
which  exists  in  the  intake  cylinder  clearance 
of  a  compound  compressing  to  the  same  pres- 
sure ;  and  on  expansion  it  will  occupy  a  pro- 
portionally larger  portion  of  the  cylinder,  be- 
fore free  air  can  enter.  Further  than  this,  the 
terminal  temperature  is  lower  in  the  compound 
intake  cylinder  than  in  the  single  stage.  Cylin- 
der heads  and  walls,  valves  and  ports  are  thus 
kept  cooler,  and  the  incoming  air  is  not  so 
much  heated.  Further,  leakage  past  pistons 
and  valves  is  less  in  the  compound  than  in  the 
simple  machine,  since  the  difference  in  pressure 
is  less. 

At  this  point  a  slight  digression  may  be  per- 
mitted. The  indicator  diagram  of  an  air  cylin- 
der is  a  reasonably  accurate  record  of 
pressures ;  but  it  is  wrong  to  base  any  es- 
timate of  volumetric  capacity  upon  the  air  card. 
When  the  inlet  valves  open,  air  rushes  into  the 
cylinder  and  fills  it.  If  the  air  enters  through 
heated  ports,  it  is  itself  heated  and  expanded — 
and  the  volumetric  capacity  of  the  compressor 
is    accordingly    reduced.      There    is    too    pro- 


nounced a  tendency  toward  vakung  a  com- 
pressor by  the  card  it  shows.  This  is  but  one 
of  the  ways  in  which  an  apparently  excellent 
card  may  in  reality  hide  a  true  state  of  affairs 
directly  opposed  to  high  economy. 

It  may  be  almost  unnecessary  to  suggest  the 
advantage  of  compounding  in  its  relation  to 
improved  lubrication  and,  to  this  extent,  in  its 
effect  upon  the  life  and  operation  of  the  com- 
pressor. The  terminal  temperature  in  a  cylin- 
der being  a  function  of  the  number  of  compres- 
sions in  that  cylinder,  the  high  temperatures 
of  single  stage  compression  may  result  in  the 
charring  of  the  lubricant  into  a  gritty  or  gum- 
my substance  which,  accumulating  in  valves 
anl  passages  and  on  cylinder  wails,  results  in 
excessive  friction,  added  power  and  lowered 
efficiency  by  leakage. 

Still  another  gain  by  stage  compression  is  in 
the  dryer  air  delivered  by  the  compound  ma- 
chine. It  developed  in  the  discussion  of  the 
intercooler,  that  that  device,  properly  de- 
signed and  drained,  was  an  effective  dryer  and 
moisture  trap.  But  it  is  only  one  link  in  the 
system  of  withdrawing  water  entrained  in  the 
air.  The  importance  of  removing  the  moisture 
from  compressed  air  is  becoming  more  general- 
ly appreciated  under  the  present  tendency  to- 
ward larger  units,  and  longer  and  more  com- 
plex air  transmissions.  In  long  pipe  lines 
carrying  large  volumes  of  air,  moisture,  if 
present,  will  accumulate  in  the  low  places  in 
the  line  and  will  ultimately  fill  the  pipe,  shut- 
ting off  the  passage  until  the  air  pressure 
forces  the  water  up  and  overcomes  the  resist- 
ance. The  writer,  in  going  over  the  pipe  line 
of  a  large  contract  plant  in  Pennsylvania,  was 
attracted  by  a  periodical  rush  of  water  through 
the  8-inch  pipe.  Following  the  line  to  the 
next  low  place,  he  found  a  i-inch  drain  pipe. 
Opening  this,  it  took  eight  minutes  by  the 
watch  to  draw  off  the  accumulated  water, 
which  had  been  rushing  up  and  flowing  back 
repeatedly.  Yet  he  was  assured  by  the  fore- 
man that  that  place  had  been  drained  less 
than  two  hours  before.  The  plant  in  question 
was  made  up  of  single  stage  compressors,  with 
no  coolers  whatever.  Aftcrcoolers  would  have 
prevented  this  trouble. 

Now,  this  illustrates  a  point  of  vital  im- 
portance in  its  bearing  upon  transmission  line 
efficiency.  Going  further,  to  the  machine 
using  the  air,  it  is  unnecessary  to  dwell  upon 
the  trouble  and  delay  caused  by  the  freezing 
up  of  exhaust  ports,  due  directly  to  the  pres- 


4300 


COMPRESSED     AIR. 


ence  of  moisture  in  the  air.  Occasionally  the 
builders  of  compressed  air  machinerj-  meet  a 
situation  which  forces  them  to  the  belief  that 
the  real  cause  of  freezing  at  drills  and  air 
motors  is  not  fully  appreciated.  There  is  often 
a  mistaken  idea  that  it  is  the  atmospheric 
termperature  which  causes  this.  On  the  con- 
trary, the  writer  has  seen  rock  drills  freeze 
tight  at  midday  in  the  torrid  August  sun  of 
central  New  Mexico.  The  fact  of  the  matter 
is  that  the  cold  is  produced  directly  by  the 
expansion  of  the  exhaust  air.  It  was  seen  that 
the  compression  of  air,  by  a  molecular  action, 
produces  heat.  The  exact  reversal  of  this 
molecular  action,  in  expansion,  produces  cold. 
Natural!}-  the  trouble  is  exaggerated  in  winter 
weather.  But  if  the  moisture  is  removed  from 
the  air  before  expansion,  no  air  motor  can 
freeze  up  however  high  the  degree  of  expan- 
sion, for  the  very  simple  reason  that  there  is 
nothing  to  freeze.  In  a  great  quarry  plant  of 
northern  Ohio,  rock  drills  are  operated  in  the 
open  air  with  the  thermometer  far  below  zero, 
with  not  even  a  suggestion  of  vapor  at  the  ex- 
haust. But  the  compressor  intercooler  is  not 
wholly  adequate  to  this  problem  of  air  drying. 
At  best  it  can  remove  only  a  part  of  the 
moisture  in  the  air.  There  must  be  some  fur- 
ther arrangement  for  air  drj'ing;  and  this 
leads  naturally  to  a  discussion  of  aftercoolers. 

The  aftercooler  is  in  essentials  identical  with 
the  intercooler.  Its  efficiency  is  determined  by 
the  same  conditions;  in  fact,  in  compressors 
of  duplex  type,  the  intercooler  and  aftercooler 
may  be  identical  in  design  and  capacitj-.  Aside 
from  removing  the  evils  of  water  in  the  trans- 
mission line,  with  increased  factional  resist- 
ance and  liability  to  freeze  up  in  winter;  and 
.-aside  also  from  avoiding  the  trouble  with 
"frozen"  air  motors,  the  use  of  an  aftercooler 
is  important  in  its  effect  upon  the  life  and 
-operation  of  the  motors  themselves.  Water 
js  not  a  good  lubricant;  equally  axiomatic  is 
the  fact  that  oil  and  water  w^ill  not  mingle. 
The  actual  fact  is  that  the  delivery  of  water 
to  a  drill  or  other  air  motor  washes  out  the 
lubricant,  increasing  the  wear  and  reducing 
its  effectiveness.  Especially  true  is  this  in  the 
case  of  pneumatic  tools,  where  a  light  lubri- 
cant is  used.  The  use  of  moist  air  in  an  ex- 
pansive engine  is  practically  impossible— a  fact 
largely  responsible  for  the  ill-repute  of  the 
air  motor.  Complete  aftercooling  makes  this 
possible  in  many  cases. 

Of  value  no  less  important  in  the  air  power 


sj'stem  is  the  effect  of  aftercoolers  upon  the 
transmission  line  efficienc}^  Nothing  will  de- 
stroy air  plant  efficienc}'  more  quickly  and  ef- 
fectively than  a  leaky  pipe  line;  and  nothing 
is  so  conducive  to  a  leaky  line  as  wide  extremes 
of  temperature,  with  consequent  large  strains 
of  expansion  and  contraction.  Without  an 
aftercooler.  air  from  the  compressor  enters 
the  pipe  line  hot ;  the  line  itself  is  cold. 
There  is  an  immediate  expansion  which  ex- 
tends along  the  line  with  continued  operation. 
Now,  when  the  air  plant  is  shut  down — prob- 
ably at  night — there  is  a  corresponding  con- 
traction all  along  the  line.  There  needs  no 
voice  from  the  tomb — or  elsewhere — to  dilate 
upon  the  resultant  difficulty  in  keeping  tight 
joints  and  preventing  leakage,  even  with  the 
best  mechanical  precautions  in  the  line.  The 
aftercooler  is  not  a  luxury;  it  is  an  economical 
necessity  in  the  high-grade  air  power  plant. 

The  Cleveland  Stone  Company,  at  their 
quarry  at  North  Amherst,  Ohio,  have  an  air 
power  plant  which  is  probably  without  a  peer 
as  an  example  of  refined  pneumatic  engineer- 
ing. The  transmission  lines  in  this  system 
aggregate  miles  in  length  and  the  power  is 
used  in  drills,  channelers,  pumps,  hoists,  mill 
engines  and  steam  shovels.  While  reheating 
is  now  employed  on  all  but  the  drills,  it  was 
not  originally  used ;  j-et  the  engines  were  for 
some  time  worked  on  short  cut-off,  and  in  the 
midst  of  a  cold  winter  no  trouble  was  ex- 
perienced with  freezing  of  lines  or  motors. 
The  remarkable  result  is  explained  by  the  ex- 
ceptional precautions  taken  to  provide  dry  air; 
and  a  brief  description  of  the  methods  em- 
ployed may  not  be  out  of  place  here. 

In  the  first  place,  the  air  enters  the  com- 
pressors through  "air  washers,"  which  enforce 
its  passage  downward  through  tubes  and  then 
upward  in  bubbles  through  a  body  of  cold 
water.  This  removes  from  the  air  the  all- 
pervading  dust  and  grit  of  the  quarrj',  and  in- 
cidentally dries  it  somewhat  by  lowering  its 
temperature  and  condensing  some  of  the  moist- 
ure. Leaving  the  low  pressure  cylinder,  the 
air  passes  through  an  intercooler,  thence  to 
the  high  pressure  cylinder  and  thence  to  an 
aftercooler.  From  this  it  goes  to  very  large 
primary-  receivers  from  which  the  transmis- 
sion lines  radiate ;  and  at  intervals  along  the 
lines  are  secondary  receivers  set  beloza  the 
pipe  grade.  Moisture  is  first  withdrawn  from 
the  air  in  the  "washer;"  and  then  in  turn  in 
the    intercooler,    the    aftercooler,    the    primary 
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receivers,  and  the  secondary  receivers.  'i"he 
result  is  the  delivery  of  absolutely  dry  air  to 
the  motors  and  maximum  pipe  line  efficiency 
under  all  weather  conditions,  though  the  lines 
and  the  machines  are  all  out-of-doors  and  un- 
protected. 

^lore  remarkable  still,  the  miles  and  miles 
of  pipe  line  have  not  a  single  leak.  On  the  con- 
trary, they  hold  working  pressure  over  night; 
they  were  installed  under  a  guarantee  to  hold 
full  pressure  for  twenty-four  hours.  Much  of 
this,  of  course,  is  attributable  to  fine  work- 
manship and  studied  design.  But  more  than 
these  is  it  due  to  the  uniform  temperature 
maintained  by  the  use  of  efficient  aftercoolers, 
with  consequent  freedom  from  excessive  ex- 
pansion and  contraction  strains. 

Coming  now  to  consideration  of  the  mechan- 
ical design  of  air  compressors,  it  is  found  that 
accepted  practice  divides  these  machines  into 
two  great  fundamental  classes — straight  line 
and  duplex.  The  changes  which  can  be  rung 
on  variations  of  these  two  designs  are  almost 
infinite.  But  analysis  will  reveal  a  difference 
only  in  detail.  The  basic  principles  upon 
which  the  designs  rest  are  the  same  in  all. 

The  straight  line  air  compressor  may  be 
considered  the  pioneer  type.  The  term 
"straight  line"  is  one  of  the  happy  expressions, 
of  mechanical  phraseology,  for  it  carries  with 
it  its  own  explanation.  Its  fundamental  and 
distinguishing  characteristic  is  the  fact  that 
power  is  directly  applied  to  resistance.  This 
at  once  implies  simplicity,  lack  of  complication, 
absence  of  many  parts  with  undue  power  con- 
sumed in  friction.  All  this  results  in  a  ma- 
chine of  high  mechanical  efficiencj^  and  re- 
liability under  continued  hard  service.  Its 
simple  design  renders  it  especially  attractive 
for  conditions  which  afford  only  unskilled  at- 
tendance. There  can  be  no  more  sturdy  and 
dependable  compressor  than  the  good  modern 
straight  line.  The  compressors  examined  in 
the  tests  reported  above  belonged  to  this  class ; 
and  the  figures  there  set  forth  show  tliat  this 
type  leaves  little  to  be  gained  in  volumetric 
efficiency.  This  is  a  condition,  moreover,  which 
is  practically  constant  at  all  speeds.  The  main 
difficulty  with  the  straight  line  compressor  de- 
velops in  the  steam  end. 

Variable  cut-off  steam  valves  give  good 
steam  economy  at  or  near  normal  speed.  But 
the  inherent  characteristic  of  the  design— the 
direct  opposition  of  power  and  resistance — pro- 
duces conditions  which  offer  serious  objections 


to  tiie  straight  line  machine  under  widely  vary- 
ing load.  In  the  cylinders,  steam  pressure 
falls  as  air  pressure  rises;  and  the  flywheels 
must  be  relied  upon  wholly  to  carry  the  ma- 
chine over  dead  center.  This  is  all  very  well 
at  high  speeds;  but  reduced  load  calls  for  a 
reduced  speed,  else  there  will  be  a  total  waste 
of  power  by  the  escape  of  air  at  the  relief 
valve.  At  low  speed  the  energy  in  the  fly- 
wheels is  not  sufficient  to  pass  the  center,  if 
the  cut-oflf  is  short.  Cut-off  cannot  be  auto- 
matically varied  with  load,  as  in  a  Corliss 
machine ;  and  to  avoid  entire  stoppage  on  light 
load,  either  the  cut-off  must  be  lengthened  to 
give  sufficient  power  to  pass  centers,  in  which 
case  there  is  a  waste  of  steam  when  the  ma- 
chine speeds  up  under  returning  load,  or  there 
must  be  a  fixed  point  below  which  speed  must 
not  fall,  in  which  case  there  is  a  blow-off  of 
compressed  air  at  all  loads  below  this  limit. 
These  facts  force  the  somewhat  unpleasant 
conclusion  that  the  straight  line  compressor  is 
not  economically  self-regulating  at  less  than 
35  or  40  per  cent,  of  full  load. 

This  condition  practically  forbids  the  suc- 
cessful compounding  of  the  steam  end  of  a 
straight  line.  For  the  high  expansion,  which 
is  the  secret  of  compound  economy,  only  ex- 
aggerates the  difficulties  at  fractional  loads. 
The  "double-compound"  straight  line  com- 
pressor is  practically  a  constant-speed  ma- 
chine, its  economical  cut-off  admitting  of  no 
variation.  At  normal  speed  it  gives  good 
economy;  but  underloaded  the  waste  of  air 
at  the  relief  valve  simply  offsets  its  normal 
advantage. 

But  the  straight  line  compressor  is  not  to 
be  wholly  condemned.  It  remains  to-day — and 
justly  so — the  most  popular  machine  for  plants 
of  moderate  capacities  using  moderate  steam 
and  air  pressures  and  working  under  fairly 
constant  loads.  These  are  the  very  conditions 
characterizing  the  majority  of  cases  in  which 
compressed  air  is  used;  and  they  are  con- 
ditions in  which  high  steam  economy  is  less 
important  than  moderate  cost  and  thorough- 
going reliability. 

The  second  great  class  of  air  compressors 
is  that  broadly  designated  as  the  duplex  type. 
This  is  not  the  place  for  a  minute  investiga- 
tion of  structural  strains  and  theoretical  con- 
siderations. For  the  present  purpose  it  will 
perhaps  be  best  to  look  at  the  duplex  com- 
pressor as  simply  two  straight  line  machines  set 
side  by  side  and  coupled  up  for  mutual  assist- 
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ance.  Seen  in  this  light,  the  duplex  is  found 
to  possess  all  the  advantages  of  the  straight 
line,  with  the  addition  of  some  very  important 
superiorities  distinctlj-  its  own. 

The  first  of  these  superiorities  lies  in  the 
matter  of  regulation.  Quartered  cranks  per- 
mit one  steam  cylinder  to  help  the  other  when 
it  most  needs  assistance;  and,  a  quarter  of  a 
revolution  later,  this  favor  is  reciprocated.  The 
arrangement  admits  of  no  "dead  center ;"  and 
a  good  duplex  will  run  so  slowly  at  highest 
loads  as  to  barely  turn  over,  speeding  up  in- 
stantly, however,  with  increasing  load.  Best 
of  all,  it  does  this  without  any  change  of  cut- 
oflf;  and  whether  the  speed  be  high  or  low, 
steam  is  always  used  economically. 

But  it  is  as  a  "double-compound"  compressor 
that  the  duplex  stands  without  a  peer;  for  in 
all  probability  high  steam  expansion  in  com- 
pound steam  cylinders  will  effect  a  saving 
three  or  four  times  that  secured  in  stage  com- 
pression. In  the  first  place,  either  steam  or  air 
end  can  be  compounded  without  any  increase 
in  the  number  of  parts.  More  than  this,  the 
reciprocal  cylinder  arrangement  secures  the 
full  advantage  of  compounding  over  the  entire 
load  range.  The  fact — peculiar  to  air  com- 
pressors— that  the  load  per  stroke  is  constant 
regardless  of  speed  makes  a  "double-com- 
pound" air  compressor  as  completely  self-regu- 
lating as  a  simple  machine.  There  will  be  a 
slightly  increased  condensation  at  lower  piston 
speeds;  but  the  fact  that  friction  loss  is  a 
function  of  the  speed  and  diminishes  with  it, 
introduces  a  saving  about  offsetting  the  in- 
creased condensation  loss  at  low  speed.  For 
these  reasons  the  steam  consumption  of  a 
double-compound  duplex  is  very  nearly  pro- 
portional to  its  load. 

As  compressed  air  enters  more  and  more 
largely  into  industrial  activities,  the  size  of 
plants  and  units  increases,  and  the  demand  for 
economy  grows  more  imperative.  It  is  this 
condition  of  affairs  which  is  bringing  the  du- 
plex compressor  into  ever-increasing  promi- 
nence and  popularity.  It  is  recognized  as  dis- 
tinctly the  machine  for  high  grade  permanent 
plants  of  moderate  or  large  size,  using,  modern 
high  steam  and  air  pressures,  operating  under 
widely  varying  loads  and  under  conditions 
■which  make  economy  of  fuel  and  water  es- 
sential. 

An  extended  discussion  of  the  subject  of  air 
compressor   valves    is   out   of   the   question   in 


such  a  paper  as  this.  Volumes  could  be  writ- 
ten upon  it.  It  will  be  enough  here  to  briefly 
review  the  essentials  of  a  correct  air  valve.  It 
may  be  safely  left  to  the  intelligence  of  the 
audience  to  draw  just  and  adequate  conclusions 
as  to  the  merits  of  any  particular  valve  they 
may  have  in  mind. 

The  air  intake  valve  will  logically  receive 
attention  first.  Briefly,  its  functions  are,  to 
admit  the  full  volume  of  clean,  cold  air  to  the 
cylinder  with  the  least  expenditure  of  power ; 
to  keep  this  air  in ;  and  to  maintain  this  per- 
formance indefinitely.  Analysis  of  this  general 
statement  will  develop  the  facts  sought.  First, 
the  valve  must  admit  the  full  volume  of  air; 
this  demands  an  instantaneous  and  complete 
opening,  automatically  timed  to  prevent  the 
escape  of  air  already  compressed,  and  short, 
direct  and  unobstructed  ports  and  passages. 
Second,  it  must  admit  clean  air,  calling  for  a 
design  which  will  admit  of  connection  for 
drawing  the  air  from  a  place  free  from  dust 
and  grit.  Third,  the  air  admitted  must  be  cold; 
this  is  partially  met  by  the  arrangement  ne- 
cessitated by  the  second  consideration;  but 
more  than  this,  the  cold  air  must  nowhere  be 
heated  in  transit,  demanding  valves,  ports  and 
passages  cooled  by  the  jacket  water  and  never 
tailed  upon  for  the  discharge  of  the  hot  com- 
pressed air.  Fourth,  all  this  must  be  accom- 
plished with  the  least  possible  expenditure  of 
power — -a  condition  demanding  fev/  parts  and 
perfect  adjustment.  Fifth,  this  valve  must  keep 
the  air  in.  calling  for  automatic  and  complete 
closing  at  just  the  right  time,  with  perfect 
seating  to  avoid  leakage.  Sixth,  it  must  main- 
tai  this  performance  indefinitelj%  hundreds  of 
times  per  minute,  demanding  simplicity  and 
strength,  fine  workmanship,  and  the  very  best 
materials. 

Similarly,  the  functions  of  the  air  discharge 
valve  are,  to  release  the  full  volume  of  com- 
pressed air  from  the  cylinder  with  the  least 
expenditure  of  power ;  to  keep  it  out ;  and  to 
sustain  this  service  indefinitely.  This  state- 
ment also  may  be  analyzed  for  the  essential 
facts.  First,  the  release  of  the  full  air  volume 
calls  for  automatic  timing  of  an  instantaneous 
and  complete  opening,  and  full,  free,  direct 
discharge  passages.  Second,  this  must  be  per- 
formed at  the  least  cost  for  power,  necessitating 
few  parts  and  proper  adjustment,  that  friction 
may  be  low.  Third,  the  valve  must  keep  out 
the  air  it  discharged,  which  means  that  it  must 
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close  instantaneously  and  completely  to  a  per- 
fect seat  at  just  the  right  time.  Fourth,  the 
continued  maintenance  of  this  performance 
demands  simplicity  of  design,  strength  of 
parts,  materials  of  the  best  quality,  and  fine 
workmanship. 

It  will  be  noted  that  the  essentials  of  the  suc- 
cessful intake  and  discharge  valve  are  prac- 
tically identical,  the  only  difference  lying  in  the 
necessity  for  admission  of  cold  air  through 
the  former.  This  fact  forbids  the  admission 
and  discharge  of  air  through  the  same  pas- 
sages. Furthermore  it  demands  that  intake  and 
discharge  passages  shall  be  separated  as  far 
as  possible. 

It  is  unnecessary  to  enter  into  any  extended 
investigation  of  the  steam  end  of  the  steam- 
driven  air  compressor.  The  best  engine  prac- 
tice is,  broadly  speaking,  the  best  compressor 
practice.  But  there  are  conditions  in  air  com- 
pression which,  in  relation  to  compounding  the 
steam  end,  seem  often  not  to  be  well  under- 
stood. 

When  steam  cylinders  are  to  be  compounded 
it  is  essential,  in  order  to  attain  full  advan- 
tage of  expansion,  that  the  cut-off  be  main- 
tained almost  constant  at  the  point  fixed  by  the 
ratio  of  the  cylinders  ;  for  any  great  change  in 
the  cut-off  will  derange  the  expansion  ratio  and 
prevent  the  economy  sought.  Now,  in  cus- 
tomary engine  practice  which  demands  a  con- 
stant speed,  load  variations  are  met  by  shifting 
the  cut-off;  and  with  light  loads  the  conden- 
sation loss  due  to  excessive  expansion  will  make 
the  net  saving  by  compounding  questionable,  to 
say  the  least.  Especially  is  this  true  where  the 
engine  runs  non-condensing,  and  for  this 
reason  small  and  medium  sized  engines  are 
seldom  compounded.  But  in  a  correctly  de- 
signed air  compressor  of  duplex  type,  govern- 
ing is  done  in  just  the  reverse  manner,  viz., 
by  maintaining  a  fixed  cut-off  at  point  of  high- 
est economy  and  varying  the  speed  automatic- 
ally with  the  load.  The  reasons,  therefore, 
which  usually  decide  against  compounding 
(particularly  in  small  and  medium-sized 
plants)  where  the  steam  pressure  is  low  or 
condensing  is  not  practicable,  do  not  hold 
with  air  compressors. 

When  a  new  plant  is  to  be  installed,  in- 
cluding boilers,  these  can  be  made  for  125  lbs. 
steam  pressure  at  very  little  added  cost ;  and 
this  is  a  very  good  pressure  for  compounding. 
But  that  peculiar  condition  of  air  compression 


just  described,  viz.,  constant  load  fer  stroke 
regardless  of  speed,  makes  compounding  ad- 
vantageous and  economical,  all  things  con- 
sidered, with  boiler  pressures  as  low"  as  90 
lbs.  non-condensing,  or  75  lbs.  condensing. 
Where  boiler  water  is  scarce  or  costly,  or  of 
a  bad  quality,  the  reduced  amount  of  feed 
water  required  may  be  added  argument  in 
favor  of  compounding.  While  where  new 
boilers  are  to  be  installed,  the  smaller  boiler 
equipment  permitted  by  this  reduced  steam 
consumption  will  partly  offset  the  small  added 
cost  of  the  "double-compiyund"  compressor. 
Cut-off  of  one  half  in  compound  cylinders  will 
give  the  same  expansion  as  cut-off  of  one 
quarter  in  a  non-compound ;  and  it  is  easy 
to  see  that  this  fact  gives  to  the  compound 
advantages  wholly  in  addition  to  mere  eco- 
nomic gains,  in  the  reduced  load  on  valves 
and  valve  mechanism,  reduced  leakage, 
diminished  clearance  evils,  lowered  conden- 
sation losses,  improved  lubrication,  and  dimin- 
ished wear  and  tear. 

In  all  this  it  is  to  be  remembered  that  com- 
pressor practise  is  unique  in  that  while  the 
speed  varies  with  the  load,  the  load  per  stroke 
remains  constant  at  all  speeds.  Power, 
therefore,  remains  constant  per  stroke,  and  all 
the  advantages  outlined  above  are  fixed  in 
their  values  regardless  of  load. 

The  regulation  of  steam  driven  compressors 
need  not  be  discussed  here.  The  methods 
employed  are  too  well  known.  But  the  prin- 
ciple, whatever  the  device  employed,  is  the 
same  in  all — a  variation  of  speed  to  change 
the  displacement  to  meet  varying  demands  for 
air.  But  when  some  other  power  than  steam 
is  the  prime  mover  of  the  compressor,  other 
means  of  governing  must  be  used.  And  this 
leads  naturally  to  the  subject  of  power  driven 
air  compressors. 

The  power  driven  air  compressor  is  essen- 
tially a  constant-speed  machine.  Since  its 
actual  piston  speed  and  therefore  displace- 
ment cannot  be  changed,  the  only  means  of 
adjusting  the  volume  of  air  compressed  to 
the  demand  lies  in  making  ineffective  a  por- 
tion of  the  displacement.  But  evidently  econ- 
omy forbids  blowing  off  superfluous  air 
through  the  relief  valve.  There  are  three 
general  methods  of  "'unloading"  a  compressor. 
One  is  by  opening,  at  light  loads,  a  passage 
from  the  intercooler  to  the  atmosphere,  dis- 
charging the  low-pressure  air  until  load  is  re- 
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sumed.  This  is  simply  a  waste  of  power— yet 
better  than  blowing  ofif  high  pressure  air. 
Another  method  is  by  automatically  holding 
open  one  or  more  discharge  valves  at  both 
ends  of  the  air  cylinder,  which  balances  press- 
ures on  both  sides  of  the  piston  and  removes 
all  but  the  friction  load.  This  is  a  very  com- 
plete and  positive  unloader — and  therein  is  its 
only  objection.  If  the  unloaded  piston  is 
traveling  under  balanced  pressure  of  lOO  lbs. 
on  each  side,  and  load  is  resumed  at  any  point 
of  the  stroke,  on  the  return  stroke  the  piston 
must  displace  a  full  cylinder  of  air  at  loo  lbs. ; 
in  other  words,  the  load  during  this  return 
stroke  is  three  or  four  times  the  normal  max- 
imum. This  overload,  moreover,  is  instantly 
thrown  on  the  piston,  held  throughout  a 
stroke,  and  is  instantly  relieved;  and  this 
sudden,  positive  assumotion  and  release  throws 
strains  on  the  machine  structure  which  limit 
the  use  of  an  unloader  of  this  type  to  com- 
pressors of  comparatively  small  capacity.  The 
third  method  of  regulation  is  by  limiting  or 
varying  the  compressor  intake — and  this  comes 
very  near  being  a  solution  of  the  problem. 
Receiver  pressure  controls  a  valve  in  the  free 
air  intake,  throttling  it  when  load  is  light, 
opening  it  as  load  increases.  An  oil  damping 
device  makes  the  unloading  and  loading  grad- 
ual and  perfectly  safe  in  all  capacities.  But 
this  device  is  not  without  its  draw-back.  As 
the  intake  is  throttled,  the  air  admitted  to  the 
cylinder  becomes  rarified,  and  on  return 
stroke,  though  the  free  air  volume  is  small, 
the  range  of  pressures  is  so  much  increased 
that  terminal  temperatures  may  soar  to  de- 
structive heights.  This  style  of  unloader, 
therefore,  is  not  wholly  adequate  where  the 
load  variation  is  very  great ;  and  the  difficulty 
increases  with  the  terminal  pressure. 

In  the  regulation  of  the  power  driven  air 
compressor  plant,  less  reliance  must  be  placed 
upon  the  automatic  regulation  of  the  in- 
dividual machine  than  upon  the  intelligent 
sub-division  and  management  of  the  plant 
itself.  The  old-time  truism  about  the  folly  of 
putting  all  the  eggs  in  one  basket  has  become 
so  polished  by  use  that  it  is  to-day  really  a 
gem,  nowhere  more  apropos  than  in  the 
modern  pneumatic  power  plant  with  power 
driven  units.  At  the  outset  it  must  be  remem- 
bered that  the  power  driven  compressor  has 
no  overload  capacity,  i.  e.,  an  overload  of  vol- 
umetric  capacity   or   piston    displacement.     In 


the  installation  of  a  plant  made  up  of  these 
units,  therefore,  the  maximum  capacity  must 
be  provided  for  in  the  normal  output  of  the 
machines.  Yet  fractional  loads  must  also  be 
provided  for ;  and  here  the  designer  is  con- 
fronted with  another  inexorable  condition, 
viz.,  the  power  driven  compressor  unit  is  a 
constant-speed   machine. 

It  may  be  remarked  here  that  in  90%  of  the 
installation  of  power  driven  compressors, 
either  electricit}^  or  water  power  will  be  the 
prime  mover ;  and  of  these,  probably  80% 
will  be  electric  driven  and  the  remainder  water 
driven.  It  will  be  safe  to  consider  the  case 
of  the  electrical  compressor  as  typical,  since 
the  deductions  will  apply  almost  equally  well 
to  those  driven  by  water  motors. 

The  electric  motor  has  its  maximum  effi- 
ciency under  continuous  running  at  its  full 
load  rating.  Below  that,  efficiency  falls  away. 
Plant  economy,  therefore,  forbids  underload- 
ing the  electrical  compressor  unit  to  any  great 
extent.  But  in  all  probability  the  load  curve 
of  the  plant  will  vary  widely.  Since  the  in- 
dividual unit  cannot  be  relied  upon  for  eco- 
nomical regulation,  the  only  solution  of  the 
problem  lies  in  the  sub-division  of  the  plant 
into  units,  of  suitable  capacities  to  be  deter- 
mined by  the  character  of  the  load.  This  sub- 
division should  be  such  that  the  greater  varia- 
tions could  be  provided  for  by  cutting  out  one 
or  two  or  more  units,  the  others  meanwhile 
continuing  to  run  at  or  near  full  load.  A 
theoretical  case  may  best  illustrate  the  prin- 
ciple. 

Assume  that  the  problem  is  to  install  an 
electrical  air  power  plant  which  is  to  work 
under  load  variations  of  from  500  horse  power 
maximum  to  75  horse  power  minimum,  with  a 
normal  of  400  horse  power.  The  proper  solu- 
tion, in  order  to  get  the  best  economy  pos- 
sible, would  be  the  installation  of  three  motor- 
driven  compressor  units ;  two  of  200  horse 
power  and  one  of  100  horse  power.  The 
smaller  unit  would  have  an  automatic  un- 
loader, preferably  of  the  third  type  mentioned. 
The  possible  combinations  of  this  plant  would 
be  100,  200,  300,  400  and  500  horse  power, 
under  all  of  which  the  motors  and  compress- 
ors would  be  running  at  maximum  efficiency. 
When  the  load  fell  below  100  horse  power  the 
unloader  would  safely  and  economically  care 
for  a  reduction  of  25  or  30%.  Such  a  plant 
could  be  made  very  largely  automatic  by  the 
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use  of  automatic  relay  starting-and-stopping 
controllers,  in  which  the  governing  valves  are 
adjusted  to  work  in  proper  rotation  under 
slightly  different  variations  of  pressure. 

This  in  briefest  outline  is  the  system  of  unit 
plant  design.  It  requires  an  intelligent  adjust- 
ment of  operating  conditions  to  smooth  out 
the  load  curve  as  far  as  possible.  But  it  of- 
fers a  full  solution  of  the  problem  of  eco- 
nomical management  of  a  large  power  driven 
compressor  plant  under  varying  load.  This  is 
a  point  at  which  electrical  and  pneumatic 
practice  meet,  and  the  difficulties  involved  are 
well  worthy  of  the  best  talent  in  both  lines  of 
engineering. 

The  gas  engine  driven  air  compressor  is  to- 
day largely  an  unknown  quantity.  In  small 
units,  for  portable  work  or  other  purposes 
requiring  only  small  capacity,  it  has  been  suc- 
cessfully built  and  operated.  But  in  larger 
sizes  it  is  still  largely  in  the  experimental 
stage.  The  problems  involved  seem  not  to  be 
beyond  solution,  and  they  are  already  well 
understood.  But  there  has  not  been  enough 
demand  for  this  class  of  machines  to  develop 
an  experience  which  can  be  safely  relied  upon. 
If,  as  is  sometimes  said,  the  gas  engine  is  the 
prime  mover  of  the  future,  it  behooves  the 
pneumatic  engineer  to  face  the  problems  of 
gas  engine  compression.  But  as  yet  the  oc- 
casion has  not  arisen ;  and  pneumatic  engi- 
neers to-day  find  quite  enough  to  occupy  their 
attention  in  other  lines. 

The  second  of  the  three  general  divisions 
adopted  in  this  paper  comes  now  for  discus- 
sion. 

The  phenomena  of  air  expansion  are  gov- 
erned by  the  same  laws  as  those  of  air  com- 
pression. Boyle's  and  Gay-Lussac's  Laws  of 
thermo-dynamics  express  the  relations  of 
pressure,  temperature  and  volume.  In  fact, 
the  theory  of  the  application  of  compressed 
air  may  be  best  understood  by  considering  ex- 
pansion simply  as  a  negative  compression 
process.  Isothermal  expansion  is  expansion  at 
constant  temperature,  i.  e.,  no  heat  is  lost.  It 
is  an  impossible  ideal,  whose  value  can  at  best 
be  only  approximated.  Adiabatic  expansion  is 
expansion  with  a  total  proportionate  loss  of 
heat ;  and  it,  too,  can  be  only  partially  re- 
alized. 

Were  isothermal  expansion  possible,  the  ex- 
pansion of  a  given  quantity  of  air  to  one  half 
its  original  pressure  would  give  a  volume  just 


twice  as  large  as  the  original.  As  a  matter 
of  fact,  in  practice  the  volume  will  not  be 
doubled  when  the  pressure  is  reduced  one 
half.  For  the  expansion,  reversing  the  mole- 
cular action  of  compression,  results  in  a  low- 
ered temperature  which  contracts  the  air 
volume  ,  according  to  Gay-Lussac's  Law. 

As,  in  adiabatic  compression,  there  is  a  loss 
as  compared  to  isothermal  due  to  the  positive 
heat  increment  of  work,  so,  in  adriabatic  ex- 
pansion, there  is  a  loss  as  compared  to  isother- 
mal due  to  the  negative  heat  increment  of 
work.  There  is,  therefore,  in  adiabatic  com- 
pression and  expansion  a  double  loss  of 
energ>^  It  was  shown  that  the  loss  in  compres- 
sion can  be  reduced,  but  not  wholly  avoided, 
by  removing  the  heat  of  compression  as  fast 
as  produced.  So,  in  air  expansion,  the  loss 
may  be  diminished,  but  not  obivated,  by  "re- 
moving the  cold,"  i.  e.,  by  heating  the  air 
during  expansion.  With  this  elementary  theo- 
retical sketch,  the  subject  of  reheating  may  be 
taken  up. 

Evidently  it  is  impossible  to  heat  the  air  in 
an  expansive  engine  during  expansion.  But 
the  same  effect  may  be  secured  by  heating  the 
air  before  it  enters  the  cylinder,  thus  giving 
it  an  excess  initial  pressure  such  that  the  ex- 
panded volume  will  be  normal  and  at  normal 
pressure.  If  heating  is  carried  only  to  this 
extent  there  is  no  positive  gain,  but  simply  an 
avoidance  of  an  otherwise  inevitable  loss.  But 
this  is  by  no  means  the  limit  of  the  possibili- 
ties of  reheating. 

Gay-Lussac's  Law  states  that,  at  a  given 
pressure,  the  volume  is  proportional  to  the 
temperature;  which  means  that  reheating  is 
equivalent  to  an  increase  of  volume  at  that 
pressure.  Or,  looked  at  from  another  view- 
point, reheating  a  given  volume  of  air  will 
increase  its  pressure.  In  either  case,  reheat- 
ing results  in  a  positive  increase  in  the  avail- 
able energy  of  the  compressed  air. 

With  single  cylinder  or  duplex  air  engines, 
preheating  only  is  practicable;  and  it  results 
in  securing  the  same  mean  effective  pressure  in 
the  cylinder  with  a  greater  degree  of  expan- 
sion and  therefore  with  a  greater  economy  of 
air.  But  compound  air  engines,  such  as  may 
be  used  on  pumps  or  hoists,  permit  both  pre- 
heating and  interheating.  This  is  "stage  ex- 
pansion" and  is  the  exact  reversal  of  "stage 
compression." 

The   limit  to  which   reheating  may  be  car- 
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ried  seems  to  be  fixed  only  by  the  endurance 
of  the  materials  exposed  to  the  high  temper- 
ature? ;  more  especially,  by  that  of  the  lu- 
bricant used  in  the  engine  cylinders.  But 
where  an  oil  of  high'  flashing-point  is  used, 
the  temperatures  which  may  be  applied  are 
surprising;  for  while  the  initial  temperature 
may  be  very  high,  the  wide  range  of  expan- 
sion results  in  a  mean  cylinder  temperature 
which  is  within  reasonable  limits  and  wholly 
practicable. 

The  reheating  of  compressed  air  offers  the 
most  inviting  field  for  pneumatic  research  to- 
day; and  it  is  a  field  which  is  only  begin- 
ning to  be  explored.  Facts  and  figures  are 
singularly  hard  to  get  hold  of.  While  many 
types  of  reheaters  are  on  the  market,  the 
wide  variation  in  capacity  ratings  shows  that 
even  the  builders  are  not  at  all  certain  of  their 
ground.  But  there  is  an  awakening  in 
progress.  All  other  pneumatic  appliances  are 
Hearing  the  limit  of  mechanical  and  economical 
refinement.  Compressed  air  is  reaching  out 
beyond  the  small  mine  or  shop  plant  into  the 
vast  field  of  general  power  transmission  on  a 
large  scale.  The  rock  drill  and  pneumatic 
tool  do  not  use  air  expansively,  nor  is  their 
mere  air  economy  a  fair  measure  of  their 
value.  But  for  pumping,  hoisting  and  gen- 
eral industrial  use  as  a  motive  power,  in  units 
of  any  capacity,  expansion  must  be  employed 
if  any  degree  of  economy  is  sought.  The  great 
companies  who  are  to-day  the  leading  expon- 
ents of  air  power  are  alive  to  the  require- 
ments of  the  situation.  Their  engineers  are 
grappling  with  the  problems  of  reheating  with 
the  same  skill  and  energy  which  have  been 
brought  to  bear  along  other  lines  of  pneumatic 
development.  When  compressed  air  reaches 
a  condition  of  advancement  where  the  very 
highest  economy  of  application  is  essential, 
the  builders  of  air  power  machinery  will  be 
ready  with  reheaters  of  the  same  reliability 
and  efficiency  which  mark  the  other  pneumatic 
appliances  of  to-day,  placing  them  in  a  class 
distinct  and  unique  among  the  mechanical  de- 
velopments of  the  past  hundred  years. 


pressed  air  and  electricity  is  more  imaginary 
than  real.  A  few  years  ago,  perhaps,  each 
viewed  the  other  with  suspicion.  But  in  this 
age  of  tremendous  industrial  development  and 
inexorable  sifting-out  of  non-essentials,  all 
things  worthy  of  survival  find  their  proper 
place.  It  has  been  so  with  compressed  air  and 
electricity.  Each  has  a  field  distinctly  its  own, 
into  which  the  other  can  not  hope  to  enter 
with  any  prospect  of  success.  At  points  these 
fields  touch  or  even  overlap ;  but  even  here, 
instead  of  bitter  rivalry,  there  is  a  mutual 
recognition  and  a  cor<lial  co-operation. 

When  compressed  air  and  electricity  do  join 
forces,  the  result  is  aot  to  be  spectacular,  from 
an  engineering  standpoint.  Where  can  be 
found  a  greater  masterpiece  than  the  electro- 
pneumatic  switch  and  signal  system  of  the 
New  York  Rapid  Transit  Subway,  in  which  the 
electric  current  throws  the  valve  admitting 
the  sturdy  power  of  compressed  air  from  au- 
tomatic air  compressors  driven  by  electric 
motors?  Or  what  can  be  more  striking,  more 
simple  or  more  absolutely  dependable  than 
the  storage  air  brake  system  of  the  St.  Louis 
Transit  Company,  in  which  the  air  from  au- 
tomatic electrical  compressors  controls  •  the 
electric  cars  which  carried  the  hundreds  of 
thousands  of  World's  Fair  passengers  without 
a  mishap,  a  break-down,  or  a  delay?  A  hun- 
dred other  instances  might  be  cited  in  which 
air  and  electricity — either  powerless  without 
the  other — have  joined  hands  in  a  wonder- 
working achievement;  and  nothing  can  prove, 
better  than  these  great  co-operative  triumphs, 
that  the  days  of  competitive  strife  between 
compressed  air  and  electric  power  have  per- 
rnanently  passed. 


It  was  suggested  to  the  writer  that  in  this 
paper  there  be  embodied  a  comparison  of  com- 
pressed air  and  electric  power.  But  an  even- 
ing could  be  devoted  to  that  subject  alone 
without  doing  it  justice.  It  may  be  said,  how- 
■ever,  in  closing,  that  the  rivalry  between  com- 


AIR  MAINS 

Pipes  supplying  air  to  rock-drills  should  be 
of  a  size  to  permit  the  passage  of  air  at  a 
velocity  not  greater  than  25  to  30  ft.  per  sec, 
while  all  bends  and  angles  (especially  short 
ones)  should  be  avoided,  as  they  add  greatly 
to  the  friction  of  the  air,  and  thus  decrease  the 
pressure.  The  friction  of  the  air  is  propor- 
tional directly  to  the  length  of  the  pipe,  and 
to  the  square  of  its  velocity.  For  this  service, 
pipes  up  to  5  in.  diameter  are  provided  with 
couplings,  above  that  with  flanged  joints  made 
up  with  gaskets.  Great  care  must  be  taken 
that  these  joints  are  perfectly  tight,  as  the 
loss,  even  from  a  pin-hole,  is  considerable. 
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JAMES   CLAYTON 

Fifty-seven  years  ago  James  Clayton  came  to 
this  country  from  his  birthplace,  Homer,  in 
Shropshire  county,  England,  and  became  in- 
terested in  the  gold  fields  of  Grass  Valley,  Cali- 
fornia. 

Between  the  years  of  1864  and  1867  he  started 
in  business  manufacturing  air  compressors  and 
pumps. 


such  concerns  as  the  Copper  Queen  Mining 
Co.,  Plymouth  Coal  Co..  Jamaica  Govern- 
ment Railways,  and  the  Highland  Mary  gold 
mine,  was  a  machine  built  for  a  Dr.  Sass  to  be 
used  in  connection  with  a  pulmonary  cure. 

At  the  age  of  eighty-four  he  is  still  enjoying 
a  full  measure  of  health,  and  the  photo- 
graph which  we  are  privileged  to  reproduce 
will  doubtless  bring  back  many  reminiscences 


JAMES    CLAYTON. 


Always  keenly  alive  to  the  development  of 
the  business  which  he  had  founded,  he  still 
found  time  to  pursue  and  successfully  complete 
a  number  of  valuable  inventions,  such  as  com- 
pressors with  mechanically  operated  valves,  an 
efficient  fire  pump,  the  first  one  having  been 
built  for  the  Long  Island  Railroad  grain  ele- 
vators, and  improvements  to  a  system  for 
pumping  water  by  means  of  the  air  lift. 

It  is  interesting  to  note  that  among  the  first 
■compressors  built  and  sold  by  Mr.  Clayton  to 


to  a  number  of  our  readers  who  are  proud  to 
call  themselves  his  friends. 


IT  is  suggested  by  a  trans-.\tlantic  contempo- 
rary that  air  brakes  be  used  on  motor  'buses. 
It  goes  on  to  say  that  compressed  air 
would  also  be  very  useful  for  other  purposes, 
such  as  increasing  the  volume  of  the  gas 
sucked  in  on  the  induction  stroke,  blowing 
the  horn,   and  starting  the  engine. 
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AIR  BRAKES  FOR  MOTOR  CARS 

A  comparatively  new  field  for  compressed 
air  is  suggested  in  an  article  by  Mr.  Thomas 
J.  Fay  in  a  recent  issue  of  the  Horseless  Age. 

Mr.  Fay  points  out  that  most  automobile  ac- 
cidents are  due  to  one  of  the  three  following 
causes:  i.  Lack  of  judgment  of  the  dis- 
tance in  which  a  motor  car  may  be  stopped. 
2.  Rupture  or  deformation  of  some  essential 
part  of  the  car.  3.  Lack  of  efficient  brakes, 
or  brakes  out  of  adjustment.  Of  these  three 
possible  causes  the  latter  undoubtedly  is  re- 
sponsible for  a  considerable  portion  of  the  ac- 
cidents on  record. 

Air  brakes  for  automobiles  may  be  divided 
into  two  distinct  types,  according  to  whether 
they  are  operated  by  air  pressure  or  are  ap- 
plied by  a  spring  and  released  by  air  pressure. 
The  latter  type,  therefore,  should  more  proper- 
ly be  termed  "air  released"  brakes  and  pos- 
sess the  advantage  over  the  former  type  that, 
if  out  of  order,  the  brake  would  be  applied 
and  the  car  could  not  be  started. 


Mr.  Faj-  states  that  the  dimensions  of  brake 
cylinders  for  the  heavier  tj'pe  of  cars  with 
ample  weight  on  the  traction  wheels  (to 
which  the  brake  should  be  applied),  should  be 
approximately  as  given  in  the  following  table: 

6.000  pounds 5     in.  diam.  x  12  in.  long 

5,000       "       4/4"       "        X  12 "      " 

4.000       ■'       4      "       "        X  12 "      " 

3.000       "       314"      "       XI2"      " 

2.000       "       3      ■'      "       X 12 "     " 

It  is  pointed  out  that  it  is  not  necessary  to 
use  an  air  compressor  for  operating  air  brakes 
as  the  pressure  can  be  obtained  from  the  motor 
cylinders.  This  is  an  important  point,  as  one 
of  the  chief  arguments  against  air  brakes  for 
use  on  motor  cars  has  been  that  the  air  com- 
pressor absorbed  a  great  deal  of  power;  in 
fact,  it  has  been  estimated  that  the  power  re- 
quired to  operate  the  air  brakes  of  a  motor 
car  would  be  approximately  one-tenth  of  the 
power  of  the  engine  which,  in  the  case  cited, 
amounted  to  3V2  h.  p. 

It  is  evident  that  by  using  the  pressure  to  be 
obtained  from  the  motor  cylinders  the  above 
objection  is  obviated  and  the  use  of  air  brakes 
on  automobiles  will  not  involve  any  more  com- 
plication than  are  now  found  in  the  braking 
arrangements  of  most  of  the  large  cars  fitted 
with  two  independent  differential  brakes  and 
emergency   brakes. 


A    NEW    APPLICATION    OF    THE 
CHANNELING  MACHINE 

Not  very  long  ago  this  paper  published  an 
article,  entitled  "Improvements  in  the  Channel- 
ing Machine,"  in  which  was  pointed  out  the 
great  saving  which  could  be  effected  in  quar- 
rying and  other  forms  of  rock  excavation  by 
the  use  of  channelers  of  the  latest  t\-pe.  It 
may  be  of  interest  to  our  readers,  therefore, 
to  know  of  a  recent  application  of  these  ma- 
chines to  some  special  work  in  New  York 
City.  For  some  \-ears  engineers  and  contract- 
ors have  been  vexed  with  the  problem  of  re- 
moving rock  in  excavating  for  new  buildings, 
railway  cuts,  etc.,  without  disturbing  adjacent 
foundations.  To  accomplish  this  by  cutting 
the  side  walls  with  track  channelers  had,  up  to 
the  present  time,  been  considered  impracti- 
cable, but  the  success  of  channelers  for  this 
work  on  the  New  York  Central  cut  under  De- 
pew  Place,  has  conclusively  proved  the  practi- 
cability and   superiority  of  this  method. 

In  a  recent  issue  of  Mine  and  Quarry,  pub- 
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lished  quarterli'  by  the  Sullivan  Machinery 
Company,  there  is  contained  a  very  interest- 
ing article  by  Joseph  H.  Brown,  Jr.,  describ- 
ing the  work  of  this  company's  machine  on  the 
above  contract.  It  seems  that  the  work  in- 
volved in  the  excavation  of  Depew  Place  for 
its  full  width  of  50  ft.  between  42d  and  44th 
streets,  a  distance  of  about  500  ft.  Below  the 
natural  soil  and  fill,  which  extended  to  a  depth 
of  15  to  25  ft.,  existed  ordinary  gneiss  rock, 
the  stratification  of  which  was  broken  and  ir- 
regular. The  average  depth  of  rock  to  be  ex- 
cavated was  about  15  ft.  and  the  total  amount, 
approximately,  18,000  cu.  yds.  On  one  side  of 
the  street,  the  baggage  room  of  Grand  Central 
Station  extended  the  full  length  of  Depew 
Place,  and  upon  the  opposite  side  was  the 
Grand  Central  Palace,  200  ft.  in  length. 

On  account  of  the  proximity  of  the  founda- 
tions of  these  buildings  to  the  line  of  the  cut, 
the  contractors  found  it  impossible  to  blast 
without  first  freeing  the  rock  at  the  side  and 
they  determined  that  channeling  machines, 
operated  by  compressed  air  and  fitted  with  air 
reheaters,  would  prove  the  most  economical 
method  of  making  the  cut.  Accordingly  a 
Sullivan  Class  Y  machine  with  8  inch  cylinder, 
using  a  solid  Z-shaped  steel,  was  started  to 
work  on  June  30th  and  was  operated  continu- 
ously 24  hours  a  day  in  three  shifts  of  eight 
hours  each  up  to  August  ist,  the  cuts  being 
made  in  two  and  in  some  places  three  lifts, 
varying  from  6  to  9  ft.  in  depth. 

The  progress  made  was  so  satisfactory  that 
about  August  ist  a  second  machine  was  in- 
stalled of  the  same  type,  so  that  the  walls  on 
both  sides  of  the  street  could  be  channeled  at 
the  same  time.  Mr.  Brown  states  that  these 
channelers  frequently  cut  as  high  as  10  ft.  an 
hour  in  the  irregular  gneiss  formation,  which 
proved  to  be  one  of  the  most  difficult  in 
which  channelers  have  been  made  to  operate. 

In  regard  to  the  cost  of  drilling  and  broach- 
ing by  the  old  method,  Mr.  Brown  estimates 
it  as  follows :  Assuming  that  60  ft.  can  be 
drilled  per  8  hour  shift,  6 — 10  ft.  holes  can 
be  put  down ;  and  allowing  three  inches  for 
the  diameter  of  the  hole  and  one  inch  for  the 
rib  between,  20  sq.  ft.  will  be  drilled  per  8 
hour  shift.  Furthermore,  it  will  take  at  least 
one-half  as  long  to  broach  as  to  drill,  or  one- 
half  shift. 

Drilling  costs  per  shift : 


Runner    $300 

Helper  2.00 

Power,  oil,  blacksmith,  etc 2.00 

7.00 
Broaching     3.50 

Total  cost  per  8  hour  shift 10.50 

Cost  per  foot,  $0,525. 

The  estimated  cost  of  running  a  channeler 
eight  hours  may  be  taken  at  $10,  including 
runner,  helper,  blacksmith  and  power.  There- 
fore, averaging  60  sq.  ft.  per  8-hour  shift,  the 
cost  per  foot  was  $.165^,  a  saving  of  $.36  per 
foot,  or  68.3%  over  the  method  of  drilling  and 
broaching,  in  addition  to  cutting  the  time  in 
half. 

It  is  interesting  to  note,  therefore,  that  the 
results  fully  approved  the  judgment  of  the 
contractors  and  that  the  channeler  has  proved 
its  right  to  an  important  place  in  a  contractor's 
equipment. 


COMING  EXPOSITION  OF  SAFETY 
DEVICES 

Last  month  the  press  very  generally  notified 
the  public  of  the  E.xposition  of  Safety  Devices 
which  the  American  Institute  of  Social  Ser- 
vice proposes  to  hold  in  New  York,  January 
28th-February  gth,  1907.  Gratifying  interest 
is  being  shown  by  the  inventors  and  manu- 
facturers of  devices  for  protecting  the  lives 
and  limbs  of  workers  and  of  the  general 
public. 

Applications  for  space  are  being  filed  in  the 
order  of  their  receipt. 

Commissioner  General  Kohlsaat,  alive  to  the 
importance  of  the  Exposition  to  be  held  in 
New  York,  desires  to  secure  it  entire  for  the 
enrichment  of  the  Jamestown  Exposition  in 
1907. 

European  co-operation  has  been  generously 
pledged.  The  Belgian  Minister  of  Labor  has 
promised  a  large  part  of  the  Belgian  Expo- 
sition of  Safety  Devices  and  Housing. 

Dr.  Mucnstcrberg,  perhaps  the  greatest 
European  authority  on  public  and  private  char- 
ity, has  promised  to  send  for  the  Section  of 
Industrial  Hygiene  selected  and  typical  ex- 
hibits of  santoria  for  consumptives  and  also 
for  drunkards,  First  Aid  to  the  Injured  Sta- 
tions, of  Red  Cross  Stations,  of  Workmen's 
Colonies,  and  other  valuable  material. 

Dr.  Hartmann  of  the  Berlin  Museum  of  Se- 
curity will  send  a  splendid  collection  of  pho- 
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tographs  and  hundreds  of  scale  drawings  of 
safety  devices. 

M.  Mamy,  Director  of  the  Paris  Museum  of 
Security,  has  already  shipped  valuable  ma- 
terial. 

Various  influential  Europeans  are  co-operat- 
ing with  the  Director  of  the  American  Insti- 
tute to  secure  the  best  safety  devices  from  the 
continental  manufacturers. 

Prominent  Americans  also  are  lending  their 
co-operation  as  honorary  vice-presidents : 
Grover  Cleveland,  first  vice-president;  Hon. 
Frank  W.  Higgins,  Governor  of  New  York; 
Hon.  Curtis  Guild,  Jr..  Governor  of  Massa- 
chusetts ;  Hon.  E.  C  Stokes,  Governor  of 
New  Jersey;  Hon.  Henry  Roberts,  Governor 
of  Connecticut;  Hon.  C.  P.  Neill.  U.  S.  De- 
partment of  Labor,  Washington,  D.  C. ;  Hon. 
T.  P.  Sherman,  Labor  Commissioner  of  the 
State  of  New  York;  H.  C.  Bumpus,  Director 
.\merican  Museum  of  Natural  History. 

Requests  for  information  regarding  space 
should  be  made  to  Dr.  William  H.  Tolman. 
Director,  287  Fourth  avenue,  New  York. 


rivets  used  on  the  intermediate  tower  were 
short  and  easily  driven  as  indicated  by  the 
cost  given  in  the  accompanying  table,  while 
the  hea\^  sections  on  the  main  tower  and 
end  span  required  long  heavy  rivets  which  were 
very  difficult  to  drive.  The  total  cost  of  the 
plant  was  as  follows : 

Two  boilers  at  50% $   300  00 

Two  compressors  at  50% 1,300  00 

Nine  pneumatic  rammers  at  50%....    i,8oo  00 

Fifteen    forges    at   50% 250  00 

W.   I.  pipe 200  00 

Coal 1,120  00 

Steel,  tools,   scaffold,   etc 1,35000 

Plant,  labor,  miscellaneous 2,290  00 

Total $0,610  00 


AIR  COMPRESSOR  LUBRICATION 

Air  compressor  lubrication  has  received  con- 
siderable attention  of  late  in  the  technical  press 
but  not  as  much  as  it  should.  It  is  a  very 
important  subject  to  users  of  compressed  air 
and  one  that  comparatively  few  engineers  have 
paid, much  attention  to.     Improper  lubrication 


Intermediate 

Main  Towers.                    Tower.  End  Span.  Total 

No.   Rivets   Driven,   Net 100,039                            18.971  9'.^35  ^10,845 

Fcr  Rivet.   Total       Per  Rivet.       Total.  Per  Rivet.       Total.  Per  Rivet.      Total. 

ToUl,   labor    $0,158     $15,87+00      $0085        $1.60900  $0,159      $14.63100  $0,152      $32,11400 

Labor,  scaffolds   021         2,071.00          003             64.00  .005            46500  .012         2,600.00 

Plant    • 046        4,61500          .045            865.00  .045          4,130.00  .045         9,610.00 

Total $22,56000         $2,538.00  $19,226.00         $44.32400 

General  expenses,  at   10% $0,022         2,25600      $0,013             25400  $0.02             1,92200  $0,021           4.43^oo 

$0,247     $24,81600      $0,146        $2,79200               ToUl $0,229      :?2i, 14800  $023        $48,74600 


COST     OF      RIVETING     ON      THE 
BROOKLYN      TOWERS      AND 
END  SPAN  OF  THE  "WILL- 
IAMSBURG BRIDGE, 
NEW  YORK  CITY 
It  is  interesting  to  note  in  an  article  by  Mr. 
Francis    L.    Pruyn,    Associate    Member    Am. 
Soc.  C.  E.,  in  a  recent  issue  of  Railway  Main- 
tenance  and  Structures,   the   cost  of  riveting 
the  main  towers  and  end  span  of  the  Williams- 
burg   bridge.      The    riveting    was    done    with 
pneumatic  riveters,   from   four  to   eight  being 
generally  in  use.    Four  men.  including  the  rivet 
heater,  constituted  a  gang,  each  man  receiving 
$3.76  per  eight-hour  shift.    Compressed  air  was 
furnished    at   about   80   lbs.    pressure   by    two 
compressors,  with  a  combined  capacity  of  ap- 
proximately 300  cubic   feet  per  minute.     The 


has  been  responsible  for  many  accidents  and 
explosions,  the  seriousness  of  which  is  evi- 
denced by  the  following  abstract  from  the 
National  Engineer:  "The  pipe  line  leading 
from  the  receiver  around  the  shop  was  not 
only  bursted,  but  was  opened  perfectly  flat, 
just  as  flat  as  the  plate  was  before  the  pipe 
was  made.  This  was  small  pipe,  some  2", 
V/z"  and  i",  which  should  stand  at  least  15,000 
lbs.  pressure.  The  minute  the  explosion  oc- 
curred a  flame  of  fire  shot  out  of  the  receiver. 
The  explosion  wrecked  the  entire  roof  of  the 
building  which  shows  plainly  that  there  must 
have  been  a  very  heavy  pressure.  We  could 
not  get  more  than  100  lbs.  pressure  on  the 
receiver.  We  feel  satisfied  that  there,  must 
have  been  at  least  1000 — 2000  lbs.  pressure  to 
have  caused  the  wreck." 
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Alexander  M.  Gow,  M.-  E..  w  riling  in  the 
Engineering  Nctcs,  states  that  "excess  of  lub- 
rication in  addition  to  waste,  means  increased 
accumulation  of  combustible  matter,  increased 
lodgment  of  dust  and  increased  danger  of  ac- 
cident. ...  It  will  not  be  argued  that  all 
the  lubrication  used  in  the  air  cylinder  is  de- 
posited on  the  walls  of  the  receiver,  but  some 
of  it  will  be,  and  the  more  lubricant  used  the 
more  will  be  deposited.  ...  It  follows  that 
just  as  little  lubricant  should  be  used  as  pos- 
sible, inasmuch  as  an  air  cylinder  requires  less 
oil  than  a  cylinder  of  equal  size  using  steam. 
.  .  .  Two  lubricants  are  in  general  use  in  air 
compressor  cylinders,  a  mixture  of  soap  and 
water,  and  cylinder  oil.  Either  can  be  made 
to  do  the  work.  While  ignitions  are  bad,  and 
must  be  avoided  if  possible,  explosions  are 
more  serious.  Evidently  they  are  due  to  the 
formation  of  a  mi.xture  of  combustible  gas  or 
vapor  in  suitable  proportions  with  air  at  a 
temperature  sufficient  to  ignite.  The  percent- 
age of  gas  or  vapor  required  to  make  an  ex- 
plosive mixture  is  surprisingly  small  and  in 
general  the  heavier  the  gas  or  vapor  the 
smaller  the  percentage.  .  .  .  Combustible 
gas  or  vapor  is  evolved  from  all  lubrieating 
oils  by  heat.  It  is  by  no  means  uncommon 
for  the  engineer  in  charge  of  an  air  compres- 
sor to  introduce  through  the  inlet  pipe  a  quan- 
tity of  light  oil  or  even  kerosene.  This  is  a 
favorite  and  sometimes  effective  way  of  clean- 
ing dirty  discharge  valves.  Under  such  condi- 
tions it  is  possible  for  an  explosion  to  take 
place  immediately.  Such  practice  is  simply 
tempting  Providence  and  Providence  at  times 
refuses  to  resist  the  temptation.'' 

Many  other  authorities  might  be  quoted  on 
these  points  but  those  who  have  had  experi- 
ence in  air  compression  will  find  these  suffi- 
cient to  convince  them  of  the  importance  of 
proper  lubrication.  It  is  interesting  to  note 
therefore  that  graphite  is  coming  more  and 
more  into  general  use  for  this  purpose,  and 
we  are  just  in  receipt  of  an  exceptionally  in- 
teresting treatise  published  by  the  Dixon  Cru- 
cible Company,  Jersey  City,  N.  J.,  devoted  lo 
the  subject  of  graphite  and  its  application  to 
air  compressor  lubrication.  The  arguments 
which  the  Dixon  Company  put  forth  are  very 
convincing,  as  this  lubricant  is  inert  under 
high  temperatures  and  therefore  eliminates  all 
danger  of  explosions ;  furthermore,  it  fills  up 
any  unevennesses,  roughnesses  and  pores  in 
the  metal,  bringing  the  surfaces  much  nearer 


to  a  condition  "perfect"  smoothness,  than  is 
l)ossible  by  any  other  known  means.  This  ef- 
fects a  material  reduction  in  the  "solid  fric- 
tion" between  those  surfaces,  for  it  is  a  funda- 
mental principle  in  lubrication  that  the  smooth- 
er bearing  surfaces  can  be  made,  the  less  will 
be  the  friction  between  them  and  the  easier 
will  they  be  to  lubricate. 

Graphite  shows  a  strong  tendency  to  attach 
itself  to  metal  surfaces  and,  when  thoroughly 
worked  into  the  inequalities  of  surfaces,  im- 
parts a  superficial  glaze,  or  veneering,  of  great 
smoothness,  high  polish  and  endurance  that 
prevents  actual  contact,  metal  to  metal,  and 
makes  it  possible  for  relatively  small  quanti- 
ties of  fluid  lubricants  to  provide  a  safe  and 
sufficient  film  or  lubricating  layer. 

Flake  graphite  may  be  mixed  with  oils,  soap 
suds  or  water  for  lubrication  purposes  and 
there  are  now  on  the  market  several  lubrica- 
tors such  as  the  Graphoil  Lubricator  for  feed- 
ing this  new  lubricant. 


NEW  PUBLICATIONS 

Management  of  Elect rieal  Machinery. — A 
revised  and  enlarged  edition  of  Practical  Man- 
agement of  Dynamos  and  Motors  by  Crocker  & 
Wheeler.  D.  Van  Nostrand  &  Co.,  New  York ; 
price  $i.oo. 

This  book  has  long  been  considered  as 
standard  in  its  field  and  scarcely  needs  com- 
ment except  to  call  attention  to  some  of  the 
changes  which  have  been  made  in  the  last 
edition.  The  first  chapters  on  Principles  of 
Electrical  Machinery,  Selection,  Installation 
and  Operation  have  been  revised,  and  the 
latter  part  of  the  book,  referring  to  troubles 
with  machinery,  has  had  considerable  new 
matter  added  on  the  subject  of  alternating  cur- 
rent generators  and  motors.  Furthermore, 
obsolete  types  of  machinery  have  been  elimi- 
nated from  the  book.  The  book  as  now  printed 
is  divided  into  five  parts  :  Part  I,  covering  Se- 
lection, Installation,  Connection,  and  Opera- 
tion. Part  2,  Inspecting  and  Testing.  Part  ,^. 
Localization  and  Remedy  of  Troubles.  Part  4, 
Constant-Current  (Arc)  Generators.  Part  5, 
Management  of  Railway  Motors.  These  five 
parts  occupy  218  pages,  with  131  illustrations, 
and  the  book  should  be  of  great  assistance  to 
the  operating  engineer  in  explaining  the  dif- 
ficulties which  he  is  likely  to  encounter  in 
handling  electrical  machinery.  It  also  con- 
tains sufficient  theory  to  show  the  reasons  for 
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the  remedy  besides  giving  the  theoretical  stu- 
dent an  idea  of  the  practical  side  of  his  pro- 
fession. 


Gas-Engine  Design^  with  an  introduction  on 
Compressed  Air  by  E.  J.  Stoddard,  published 
by  Parker  &  Burden,  1217  Hodges  Block,  De- 
troit, Mich.  Price,  bound  in  paper,  25c;  flex- 
ible cloth  (buckram),  $1.00. 

The  only  part  of  this  book  which  directly 
concerns  the  user  of  compressed  air  is  the 
section  devoted  to  an  introduction  on  com- 
pressed air,  and  also  the  first  chapter,  which 
treats  of  a  graphical  construction  of  the  curves, 
PVn  =  C.  which  are  worked  out  for  various 
values  of  n  corresponding  to  isothermal  com- 
pression of  air,  adiabatic  compression  of  air, 
adiabatic  compression  for  gas  engine,  satura- 
tion curve  of  steam,  etc. 

The  chapter  devoted  to  compressed  air  treats 
of  the  theoretical  side  only  and  is  exceedingly 
complete.  Aside  from  the  derivation  of  the 
characteristic  compressed  air  formulcC,  this 
book  contains  numerous  tables  and  curves 
showing  volume,  final  temperature,  and 
pressure  in  atmospheres  corresponding  to  var- 
ious gage  pressures.  It  also  gives  the  square 
root,  cube  root  and  fourth  root  of  numbers 
from  .1  to  20.4.  Furthermore,  a  table  is  in- 
cluded showing  the  mean  effective  pressure, 
work  per  pound  of  air  compressed  and  other 
important  facts  corresponding  to  the  com- 
pression of  air  from  o  gage  pressure  up  to 
200  lbs.  per  square  inch. 

The  book  is  ably  written  and  should  be  a 
valuable  addition  to  any  engineer's  library. 

TRADE  PUBLICATIONS 

Note. — We  believe  it  to  be  the  desire  of 
every  up-to-date  engineer  to  acquire  a  com- 
prehensive collection  of  trade  catalogs  cover- 
ing the  subjects  in  which  he  is  most  interested. 
We  therefore  endeavor  to  review  the  catalogs 
submitted  to  us  briefly,  but  carefully,  in  order 
that  our  readers  may  form  some  adequate  idea 
of  their  contents  and  value. 

Cyclone  Drill  Company,  Orrville.  Ohio.— 
Eighty-five-page  catalog,  6x9,  fully  illustrated, 
describing  their  full  line  of  prospecting  ma- 
chinery for  coal,  water,  oil,  gas,  mineral  and 
placer  mining.  The  catalog  describes  par- 
ticularly their  portable  churn  drills  and  rotary 
core  drills  and  covers  the  subjects  of  sand 
pumps,  drilling  tools,  blowers  and  spare  parts. 
Catalog  6x9,   fourteen  pages  devoted  to  Cy- 


clone contractor  drills  and  Economy  blast 
hole  loaders.  Also  catalog  6x9,  twenty-two 
pages,  covering  their  drilling  machines  for 
contractors   and   rock   excavation   work. 

Pratt  Institute  Free  Library,  Brooklyn, 
N.  Y. — Catalog  of  books  on  electricity  con- 
tained in  the  Applied  Science  Reference  Room. 
This  room  has  been  lately  opened  to  the  public 
and  contains  an  especially  complete  assortment 
of  engineering  reference  books. 

Ingersoll-Kand  Company,  n  Broadway,  New 
York. — Small  booklet,  Form  35-A,  illustrating 
and  describing  Ingersoll-Sergeant  air  com- 
pressors,  both   straight   line   and   duple.x. 

C.  W.  Hunt  Company,  West  New  Brighton, 
S.  I. — Fort}--four-page  booklet  devoted  to 
Hunt  industrial  railways  and  their  equipment. 
This  booklet,  while  small,  is  well  illustrated 
and   singularly  complete. 

The  Whitaker  Manufacturing  Company, 
Chicago,  III. — Small  booklet  entitled  Modern 
Tools,  and  illustrating  their  line  of  twist  drills, 
air  drill  reamers,  drill  chucks,  taps,  saw  blades, 
ratchet   drills,   wrenches,   etc. 

People's  Specialty  Company,  Corning.  X.Y. 
— Small  booklet  illustrating  and  describing  the 
Simplex  drawing  and  time  card  holder,  being  a 
frame  for  holding  blue  prints  and  time  cards 
which  may  be  attached  to  a  lathe  or  other 
machine  tool  in  such  a  position  as  to  be 
equally  seen  and  read  by  the  machinist.  The 
use  of  this  apparatus  does  away  with  mounting 
blue  prints.  « 

Allls-Chalmers  Company,  ^Milwaukee.  Wis. 
— Forty-page  bulletin  (Bulletin  No.  1507), 
7^  X  1034.  devoted  to  a  description  of  the 
general  subject  of  air  compression  and  to  the 
compressors  manufactured  by  this  company. 
The  bulletin  contains  many  valuable  tables  and 
other  data  of  interest  to  engineers  and  will 
doubtless  be  very  much  in  demand. 

Hanna  Engineering  Works,  820  Elston  ave- 
nue. Chicago,  111. — Four-page  leaflet  describ- 
ing the  Hanna  radial  reamer  for  reaming  rivet 
holes  in  bridge  and  structural  girders,  etc. 

Baldwin  Locomotive  Works,  Philadelphia, 
Pa. — Record  of  Recent  Construction,  No.  59, 
34  pages.  6x9.  This  booklet  is  most  hand- 
somely printed  and  describes  and  illustrates 
many  of  the  recent  locomotives  which  hive 
been  built  by  this  company. 
Ingersoll-Rand  Company,  n  Broadway,  New 
York. —  Bulletin  No.  201  r,  issued  bj'  the  Pneu- 
matic Tool  Department,  and  devoted  to  a  de- 


COMPRESSED     AIR. 


4313 


scription  of  the  "Little  Jap"  hammer  drill  for 
light  work  in  all  rock  excavations.  The  bul- 
letin contains  twenty  pages,  fully  illustrated, 
and  is  6  X  9  inches  in  size. 

Sullivan  Machinery  Company,  Railway  ex- 
change Bldg.,  Chicago,  111. — Bulletin  No.  51-D, 
twelve  pages,  6  x  9,  illustrating  and  describing 
Sullivan  pneumatic  hammer  drills  for  quarry- 
ing and  contracting  work.  The  pamphlet  is 
well  illustrated  and  full  particulars  are  given 
of  the  drills. 

Joseph  Dixon  Crucible  Company,  Jersey 
City,  N.  J. — Twentj'-six  page  pamphlet  devoted 
to  the  subject  of  air  compressor  lubrication. 
This  pamphlet  is  particularly  valuable  to  engi- 
neers and  operators  of  air  compressors  as  it 
contains  a  thorough  description  of  the  use  of 
flake  graphite  for  the  lubrication  of  air  cylin- 
ders. 

Chicago  Pneumatic  Tool  Company,  Fisher 
Bldg.,  Chicago,  111. — Catalog  Xo.  20,  116  pages, 
6  X  9,  describing  the  full  line  of  Franklin  air 
compressors  manufactured  bj'  this  companj-. 
Constructive  principles  are  described  in  de- 
tail and  information  not  hitherto  published  is 
given  relative  to  several  new  types  of  com- 
pressors including  Corliss,  motor-driven,  gas 
engine  driven,  and  new  pattern  compressors  of 
larger  capacities.  This  catalog  also  devotes 
considerable  'space  to  the  subject  of  pumping 
by  compressed  air,  besides  including  numerous 
tables  and  formulae  of  interest  to  compressed 
air  users. 

Roteng;  Engineering  Co.,  299  Broadway, 
New  York. — Bulletins  Xos.  55  and  56,  illustrat- 
ing and  describing  rotary  belt-driven  and 
motor-driven  air  compressors  of  a  new  de- 
sign. These  compressors  are  very  simple  in 
construction  and  represent  an  entirely  new 
principle  in  the  design  of  air  compressing  ma- 
chinery. 


INDUSTRIAL. 


The  Rix  Compressed  Air  and  Drill  Com- 
pany announce  that  they  are  how  occupying 
their  new  offices  at  219-221  Spear  street,  San 
Francisco,  Calif.,  which  is  their  main  office  and 
salesroom.  Their  factory,  warehouse,  and 
branch  office  are  located  at  1436  Fifth  street, 
Oakland,  Calif.  They  state  that  their  factory 
has  greater  capacity  than  before  the  fire  and 
that  they  are  now  able  to  fill  all  orders  for  air 
or  gas  compressors,  rock  drills,  etc. 


BUTT  WELDING  WROUGHT  IROM 

PIPES  BY  THE    THERMIT 

PROCESS 

Thermit,  as  most  people  know,  is  a  mixture 
of  finely  divided  aluminum  and  iron  oxide 
which  when  ignited  in  one  spot  communicates 
the  combustion  throughout  its  mass  without 
the  introduction  of  heat  or  power  from  outside 
and  produces  during  this  combustion  (in  about 
fifteen  seconds),  a  temperature  of  appro.xim- 
ately  5,400°  F. 


WELDING   A    IJ4-I^'CH    PIPE. 

During  the  reaction  which  produces  this 
heat,  the  aluminum  and  the  oxygen  contained 
in  the  iron  oxide  combine  to  form  a  highly 
superheated  liquid  slag  (aluminum  oxide). 
The  iron  which  is  set  free  at  the  same  time 
and  at  the  same  temperature  sinks  to  the 
bottom  of  the  containing  vessel  or  crucible. 

In  the  case  of  pipes  and  small  rods,  the 
superheated  molten  mass  is  poured  around  the 
pieces  to  be  welded,  the  latter  are  thus  brought 
to  the  necessary  temperature  and  the  weld  is 
completed  by  physical  pressure  as  described 
below. 

It  is  necessary  that  the  cmls  of  the  pipe  be 
prepared  somewhat  for  the  process  of  welding 
and  they  are  accordingly  filed  and  then  butted 
carefully  together  between  clamps.  A  cast  iron 
mold,  in  two  pieces,  is  then  placed  around  this 
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joint,  the  upper  part  of  the  mold  having  a  nar- 
row gate  to  admit  the  superheated  mass. 

The  thermit  is  ignited  in  a  flat  bottomed  cru- 
cible held  in  a  pair  of  tongs.  After  the  re- 
action the  slag  fills  the  upper  part  of  the  cru- 
cible and  occupies  three  times  the  volume  of 
the  superheated  liquid  steel  which  collects  at 
the  bottom  after  the  reaction  has  taken  place. 

The  superheated  liquid  mass  is  then  poured 
into  the  opening  of  the  mold.  The  slag  flowing 
first,  will  adhere  in  a  thin  layer  to  the  walls 
of  the  mold  and  the  surface  of  the  pieces  to 
be  welded  and  wil.l  protect  them  from  contact 
with  the  liquid  steel  which  runs  in  last.  After 
waiting  for  the  ends  to  soften,  the  clamps  are 
drawn  up  and  effect  the  weld  by  squeezing  to- 
gether the  now  plastic  end'=  of  the  pipes.     The 


the  crucibles  will  withstand  twelve  to  fifteen 
reactions.  One  half  teaspoonful  of  ignition 
powder  is  required  to  start  a  reaction  and  one 
pound  is  sufficient  for  one  hundred  welds. 

Owing  to  the  fact  that  the  cost  of  welded 
joints  is  dependent  upon  and  varies  with  the 
conditions  surrounding  each  case,  it  would  be 
difficult  to  make  any  estimate  of  the  cost  of 
the  process  for  purposes  of  comparison  with 
other  systems  of  joining  pipe  lengths.  It 
might  be  said,  however,  that  the  first  cost  of 
welding  will  undoubtedly  be  higher  than  any 
other  system  in  use,  but  the  first  cost  in  the 
case  of  the  thermit  process  is  the  only  cost 
that  will  have  to  be  met,  since  the  joints,  once 
welded,  are  permanent  and  as  indestructible  as 
the  rest   of  the  pipe.     This  cannot  be   said  of 


EQL'IPMENT   REQUIRED  FOR   WELDING  PIPE   BY   THE     THERMIT  PROCESS. 

A,  Welding  Portion  Bag ;  B,  Crucible ;  C,  Tongs  ;  D,  2"  Pipe  :  E,  Top  Talf  of  Cast  Iron  Mould  Box ;  F  F  F  F,  Screw 
Clamps ;  G,  Support  for  Bottom  Half  of  Cast  Iron  Mould  Box  ;  H,  Pins  for  Screwing  Up  Clamps ; 

I,  Ignition  Powder. 


welded  joints  are  as  strong  as  the  rest  of  the 
pipe  and,  after  removing  the  molds  and  clamps. 
the  weld  will  be  perfectly  solid  and  there  will 
be  practically  no  upset  at  the  joints.  On  chill- 
ing, the  layer  of  slag  is  easily  knocked  off. 

An  interesting  point  in  the  application  of  this 
process  of  welding  is  the  fact  that  it  is  adapted 
to  either  steam,  compressed  air  or  ammonia 
pipe  lines  and  the  joints  may  be  welded  any- 
where in  place  and  vertical  pipes  are  welded  as 
easily  as  horizontal. 

The  thermit  powder  is  put  up  in  bags  con- 
taining the  quantities  necessary  to  weld  a 
given  joint  which  is  called  a  "welding  portion." 
The  necessary  appliances  consist  of  a  set  of 
clamps,  tongs,  cast  iron  mold  and  crucibles. 
The  first  two  articles  are  permanent ;  the 
molds  should  last  for  sixty  or  more  welds  and 


any  other  system  of  pipe  connections,  and  is  a 
point  that  should  be  considered  carefully  by 
managers  of  steam,  compressed  air  and  re- 
frigerating plants. 

The  Thermit  process  is  controlled  by  the 
Goldschmidt  Thermit  Co.,  43  Exchange  Place, 
New  York. 


A     NEW    COURSE     OF    INSTRUC- 
TION AT  PRATT  INSTITUTE 

The  department  of  science  and  technology 
of  Pratt  Institute,  Brooklyn,  N.  Y.,  this  year 
offers  a  new  course  in  machine  construction 
intended  primarily  to  train  its  graduates  to  fill 
positions  as  foremen  and  assistant  superinten- 
dents in  machine  shops  or  in  kindred  manu- 
facturing plants  in  which  machine  work  is  an 
operation  of  first  importance.     It  is  preferred 
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that  applicants  for  this  course  be  men  with 
some  considerable  previous  experience  in  ma- 
chine work,  it  being  the  idea  to  combine  with 
their  practical  experience  the  theory  under- 
lying it.  A  good  working  knowledge  of  arith- 
metic is  also  required,  and  only  those  are  de- 
sired whose  ambition  is  to  improve  their  con- 
dition and  to  that  end  are  willing  to  devote 
their  energies  for  the  nine  months  required  to 
complete  the  course.  The  machine  shop  of 
the  institute  has  recently  been  added  to,  and 
the  increased  floor  space  and  new  equipment 
nearly  double  its  capacity. 

The  course  of  study  covers  machine  con- 
struction, tool  working,  lectures  on  machine 
shop    practice,    mechanical    drawing,    practical 


with  which  it  can  be  moved  about  to  any  de- 
sired point  makes  it  especially  desirable  for 
this  purpose.  These  portable  plants  are  exten- 
sively used  in  car  barns  throughout  the  coun- 
try for  cleaning  cars  and  machinery.  Their 
steam-driven  compressors  for  industrial  pur- 
poses are  the  same  seen  in  daily  operation  on 
any  locomotive  for  supplying  compressed  air 
to  operate  the  train  brakes,  which  attests  their 
sturdiness  and  reliability. 

During  the  past  few  years  the  knowledge  of 
their  efficiency  and  compactness  has  led  to  their 
rapid  introduction  into  the  industrial  field, 
where  they  are  employed  for  all  conceivable 
purposes,  as,  for  instance,  raising  water  by  di- 
rect pressure,  operating  pneumatic  tools,  paint 


CL.\Mr     IX     POSITION     FOR     WELUIXG    PIPE    I5V    THE    THER.MIT 
PROCESS. 


mathematics,  foundry  work  and  forging.  A 
unique  feature  in  the  curriculum  of  the  in- 
stitute is  the  provision  for  developing  in  the 
students  the  ability  to  direct  the  work  of  others 
by  giving  each  one  practice  at  being  a  fore- 
man, first  over  one  or  two  of  his  classmates. 
and  finally  he  is  given  a  chance  to  lay  out  and 
direct  the  work  of  a  larger  number.  In  this 
way  he  is  able  to  gain  experience  and  confi- 
dence in  handling  men  and  in  directing  work, 
fortifying  himself  against  the  natural  disin- 
clination employers  have  for  intrusting  the  re- 
sponsibility of  handling  men  to  those  who  have 
never  had  actual  experience. 


WESTINGHOUSE    COMPRESSOR 
FOR   GARAGES 

The  Westinghouse  Air  Brake  Company  have 
put  upon  the  market  a  portable  air  compressor 
particularly  well  adapted  for  automobile 
garages  for  inflating  tires,  dusting  out  vehicles 
and  cleaning  machinery  of  all  kinds.    The  ease 


sprayers,  etc.;  also  for  sewage  ejecting  .sys- 
tems, cleaning  molds  and  machinery  in  foun- 
dries and  shops  and  other  uses  too  numerous 
to  mention. 

This  is  one  of  the  most  efficient  labor  wving 
devices  lately  offered  to  garage  owners  and 
ought  to  attain  prompt  popularity. 


INDEPENDENT    PNEUMATIC 
TOOL  CO. 

The  .\urora  .\utoiiiatic  Machinery  Company 
of  Aurora,  a  subsidiary  of  the  Independent 
Pneumatic  Tool  Company,  reports  that  owing 
to  expanding  business  the  company's  plant  will 
be  greatly  enlarged.  The  company  has  a  cap- 
ital of  $500,000,  but  no  new  stock  will  be  issued 
to  finance  the  improvement.  Stockholders  at 
their  annual  meeting  elected  the  following  di- 
rectors :  John  P.  Hopkins,  M.  S  Rosenwald, 
Simon  Florsheim,  J.  J.  McCarthy.  John  D. 
Hurley,  A.  B.  Holmes,  all  of  Chicago;  James 
P..   Brady  and   W.  O    Jacquette  of  New  York 
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Cit}-,  and  C.  E.  Erikson  of  Aurora,  111.  The 
following  officers  of  the  company  also  were 
elected:  President.  John  P.  Hopkins;  first 
vice-president,  W.  O.  Jacquette;  second  vice- 
president,  John  D.  Hurley;  treasurer,  C.  E. 
Erikson;  secretary,  A.  B.  Holmes.  The  di- 
rectors declared  a  regular  quarterly  dividend 
of  3  per  cent. 


A  NEW  ROTARY  STEAM  ENGINE 

Revolution  in  the  use  of  steam  as  a  power 
agency  is  predicted  for  the  rotary  engine  in- 
vented by  H.  I.  Call,  of  Spokane.  The  idea 
embodied  in  the  Call  engine  is  absolutely  dif- 
ferent from  that  of  the  ordinary  reciprocating 
piston   engine.      There    is    no   piston.      Instead 


against  the  wall  of  the  steam  chest  that  not  an 
atom  can  come  between  them.  To  reverse  the 
engine  steam  is  admitted  through  opposite 
valves,  the  exhaust  escaping  through  separate 
pipes. 

Mr.  Call  has  completed  two  of  the  new 
model  engines.  One  of  them  is  running  in  his 
shop  in  Spokane.  It  shows  remarkable 
strength,  operating  several  large  lathes,  drills, 
saws  and  other  heavy  machinery.  The  engine 
is  6x7x11  inches,  and  occupies  a  floor  space 
15x20  inches  w'ith  its  fittings,  with  14  inches  to 
the  top  of  the  steam  pipe  and  weighs  217 
pointed  by  the  Spokane  chamber  of  corn- 
area  for  six  horse  power,  but  Mr.  Call  declares 
he  has   developed   10  horse  power. 

Mr.  Call  has  formed  the  Crescent  Rotary 
Engine  Company  and  has  secured  patents  on 


TWO    VIEWS    OF    NEW    ROTARY    ENGINE. 


there  is  a  steamchest,  inside  of  which  is  a 
cylinder,  which  rotates  by  pressure  of  steam 
against  slidable  blades,  power  being  made 
available  by  a  shaft  attached  to  the  rotating 
cylinder. 

The  cylinder  is  readily  rotated  by  the  pres- 
sure of  steam  against  the  projecting  ends  of 
the  sliding  blades  in  the  crescent-shaped  steam 
chambers.  As  the  cylinder  revolves  it  con- 
stantly slides  the  blades  back  and  forth 
through  the  arc-shaped  slots  holding  them 
into  the  cylinder.  The  sliding  movement  of 
the  blades  corresponds  with  the  pressure  of 
the  oval  inner  wall  of  the  steam  chest  upon 
the  points  of  the  blades.  When  one  end  of 
the  blade  is  passing  the  narrowest  distance 
between  the  cylinder  and  the  steam  chest  wall 
the  other  end  is  passing  through  the  widest 
distance  in  the  crescent-shaped  steam  chamber. 
The   ends   of  the  blades   are   fitted   so   tightly 


his  invention  in  the  United  States  and  Eng- 
land, as  well  as  other  foreign  countries-  and 
it  is  proposed  to  build  a  factory  for  its  man- 
ufacture. 

C.  M.  Fassett,  J.  M.  Fitzpatrick  and  Samuel 
Glasgow,  members  of  a  special  committee  ap- 
pointed by  the  Spokane  chamber  of  com- 
merce, have  made  a  report  to  that  body  in 
which  they  say  the  engine  is  a  great  improve- 
ment over  the  reciprocal  steam  engine  and 
that  because  of  its  cheapness,  simplicity,  com- 
pactness, easy  control  of  speed  and  reversing 
and  freedom  of  vibration  the  demand  for  it 
should  be  enormous.  They  also  recommend 
the  engine  to  the  manufacturers  of  Spokane 
and  endorse  the  project  to  manufacture  it  in 
Spokane. 


Messrs.  Siemens  and  Halske,  of  Berlin,  Ger- 
many, have  recently  patented  an  alloy  which  is 
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especially  suited  for  use  as  a  bearing  metal. 
They  state  that  it  is  superior  to  the  usual 
white  metal  in  that  it  is  very  easily  worked 
and  particularly  easily  turned,  that  it  fills  up 
the  mold  completely  when  cast,  that  it  pos- 
sesses relatively  great  hardness,  and,  what  is 
most  important,  that  it  has  an  extremely  small 
coefficient  of  friction.  The  alloy  is  made  by 
melting  together  approximately  equal  parts  of 
cadmium  and  zinc,  with  an  addition  of  a  small 
proportion  of  antimony.  The  alloy  can,  for 
example,  consist  of  45-50  parts  of  cadmium, 
45-50  parts  of  zinc,  and  up  to  10  parts  of  an- 
timony. The  antimony  added  should  not  ex- 
ceed 10  per  cent,  as  otherwise  the  metal  is  too 
brittle.  A  verj'  suitable  proportion  of  antimony 
is  5  per  cent.  If  the  proportion  of  cadmium 
and  zinc  is  considerably  varied,  the  coefficient 
of  friction  increases,  and  the  other  good  prop- 
erties of  the  alloy  are  essentially  prejudiced. 


"THE  MULTEX" 

(  -M  LLTIPI.E  EXP.\.\SIOX  ) 

COMPRESSED  AIR-LIFT  PUMP 

(PRICES    P.\TENT    T.\PER-TUBE    SYSTEM.) 

In  a  recent  issue  of  our  English  contem- 
poran,-  Engineering,  there  appeared  the  fol- 
lowing description  of  the  test  of  a  new  air 
lift  pump.  Our  contemporary  states  that 
although  it  cannot  be  claimed  that  the  air- 
lift pump  when  used  for  raising  water  from 
deep  wells  and  similar  places,  is  able  to  com- 
pete in  point  of  efficiency  with  high-class  barrel 
pumps,  it  is,  however,  for  many  purposes  so 
convenient  and  useful  that  there  are  many 
cases  in  which  its  advantages  out-weigh  those 
of  mechanicalh'-driven  pumps.  Unfortunately, 
in  some  instances  where  air-lift  pumps  have 
been  tried,  it  has  been  found  that  their  effici- 
ency has  been  rather  low ;  and  there  has,  no 


WORD    BROS.      DRILL    M.\KER    .\ND    SH.\RPENER. 


A    NEW    DRILL  SHARPENER. 

A  noteworthy  machine  for  making  and  sharps 
ening  rock  drills  has  lately  been  built  in  San 
Francisco  and  shipped  to  the  Panama  Canal. 
The  conditions  in  the  Canal  Zone,  with  ref- 
erence to  rock  drills,  were  such  that  the  ordi- 
nary drill  sharpener  would  not  meet  the  re- 
quirements, mainly  for  the  reason  that  the 
drills  used  there  are  of  greater  size  and  longer 
length  than  those  generally  used  in  mining. 

The  machine  is  of  the  Word  Bros.'  type  of 
drillmaker  and  sharpener,  and  was  designed 
and  constructed  with  a  view  to  handling  long 
lengths  and  large  size  steel.  It  forges  and 
sharpens  drills  from  i^  in.  diameter  to  5  in. 
diameter,  and  from  i  ft.  to  30  ft.  long  without 
any  change  of  dies  or  appliances  in  the  differ- 
ent sizes  and  lengths  of  drills.  Its  weight  is 
6000  lbs.  and  is  38  feet  long  overall,  and  was 
the  first  drill  sharpening  machine  constructed 
in  San  Francisco  after  the  great  fire. 


doubt,  on  this  score,  been  somewhat  of  a 
prejudice  against  them,  which,  though  not  un- 
natural, has  probably  frequently  prevented 
their  use  in  places  and  under  conditions  for 
which  they  were  well  adapted.  Although  their 
efficiency  has  been  lower  than  that  of  the 
deep-well  barrel-pump,  it  has  been  improved  of 
late  years,  and  particularly  so  by  the  adoption 
of  the  tapered  delivery-pipe,  which  now  bids 
fair  to  bring  the  air-lift  pump  into  greater 
favor. 

The  principle  of  the  pump  is,  of  course, 
understood  by  engineers ;  although  perhaps  the 
latest  improvements  that  have  been  made  in  it 
are  not  so  well  known.  In  its  simplest  form 
it  consists  of  a  pipe,  which  is  placed  in  the 
water  to  be  pumped,  a  part  of  the  pipe  being 
in  the  water  and  a  part  out.  Inside  or 
outside  this  pipe  is  another  tube,  down 
which  compressed  air  is  forced,  the  bottom 
of  the  air-tube  being  so  arranged  as   to  de- 
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liver  the  air  inside  the  water-tube,  which  is 
open  to  the  well  at  the  bottom.  Before  the 
air  is  admitted  tlie  level  of  the  water  is  the 
same  in  both  tubes,  but  when  the  air-pressure 
is  applied,  the  water  in  the  air-tube  is  forced 
down  and  mixes  with  the  water  in  the  water- 
tube.  When  the  air  has  forced  all  the  water 
out  of  the  air-pipe,  it  flows  out  itself,  mixes 
with  the  water  in  the  water-pipe,  making  the 
column  lighter,  and  causing  the  water  to  rise 
to  a  height  which  bears  a  relation  to  the  im- 
mersion, and  consequently  to  the  pressure  of 
the  air  supplied. 

A  Mr.  Crockford  appears  to  have  applied 
the  principle  in  America  in  1846,  for  the  pur- 
pose of  pumping  petroleum  from  several  Penn- 
sylvania wells.  After  that  time  the  invention 
lay  dormant  for  some  considerable  time — in- 
deed, until  revived  by  Dr.  Pohle  about  1898. 
It  was  then  applied  by  him  for  raising  water 
on  a  large  scale  in  America. 

The  rising  main  of  the  ordinary  air-lift  pump 
is  of  equal  diameter  throughout,  and  experi- 
ments have  shown  that  layers  of  air  rise  in 
the  main  alternately  with  water;  and  as  the 
layer  of  air  rises  in  the  main,  the  pressure 
above  it,  of  course,  grows  less,  at  the  top  the 
pressure  being  only  that  of  the  atmosphere.  If 
it  can  do  so,  the  air  will  expand  gradually  on 
its  way  up,  until  at  the  top  the  length  of  tube 
that  it  occupies  will  be  several  times  greater 
than  that  which  it  occupied  at  the  bottom; 
or,  in  other  words,  much  of  the  energy  of  the 
air  is  absorbed  by  giving  the  water  a  rapid 
motion,  which  is  not  required.  This  point  has 
been  very  carefully  studied  by  Mr.  Joseph 
Price,  of  Messrs.  Le  Grand  and  Sutcliflf, 
Bunhill-row,  London,  who  has  for  a  long  time 
been  investigating  the  matter,  with  the  result 
that  the  firm  mentioned  have  introduced  a 
form  of  air-lift  in  which  the  rising  main  is 
gradually  widened  from  the  bottom  towards 
the  top.  By  this  arrangement  it  will  be  seen 
that  the  air  can  expand  laterally,  and  the  lay- 
ers of  water  will  have  only  a  slightly  higher 
velocity  at  the  top  of  the  pipe  than  at  the 
bottom.  The  energy  expended  in  giving  a 
higher  momentum  to  the  water  as  it  rises  is 
thus  saved. 

Very  striking  results  have  been  obtained 
with  this  form  of  pump,  much  higher  efficien- 
cies being  obtained  by  it  than  with  the  orig- 
inal apparatus,  and  several  extensive  experi- 
ments have  been  made  in  order  to  test  the  new 
arrangement.    One  of  these,  which  we  recently 


saw  carried  out  at  the  Wandsworth  and  Put- 
ney Gas  Works,  is  of  so  much  interest  that 
we  place  the  results  before  our  readers. 

The  air-lift  pump  on  which  the  tests  were 
made  was  placed  in  an  artesian-well  boring 
7^  in.  in  diameter,  which  extends  to  a  depth 
of  630  ft.  below  the  surface,  and  terminates  in 
hard  chalk.  The  well  is  lined  continuously 
with  steel  tubes  to  a  depth  of  284  ft.  below 
the  surface,  the  upper  part  being  surrounded 
by  another  steel  tube  ii}/2  in.  in  diameter, 
which  reaches  to  54  ft.  below  the  surface ; 
the  space  between  the  inner  and  the  outer 
tubes  being  filled  with  cement- concrete,  so  as 
to  protect  the  tube  proper  from  any  corrosive 
action  of  the  waters  of  the  surface  beds.  The 
"rest"  water-level,  before  pumping,  stood  at 
about  154  ft.  below  the  surface;  and,  during  a 
preliminary  test,  indications  of  a  probable  sup- 
ply of  5000  gallons  per  hour  being  obtained, 
arrangements  were  made  for  raising  that 
quantity. 

The  pump  employed  was  one  of  the  "Mul- 
tex"  air-lift  pumps  on  Price's  patent  taper- 
tube  system,  and  the  compression  of  the  air 
was  effected  by  a  horizontal  tandem  steam- 
driven  compressor  of  12-in.  stroke,  with  two- 
stage  compression.  All  the  cylinders  were 
double-acting,  the  steam  cylinder  being  fitted 
with  a  piston  slide-valve,  and  the  air-cylinders 
with  Matthewson's  inlet  and  delivery  valves. 
The  air,  partly  compressed  in  the  first  cylinder, 
was  passed  through  an  intercooler  fitted  with 
copper  tubes ;  the  cooled  air  then  entering  the 
high-pressure  cylinder  was  further  compressed 
to  the  working  pressure,  and  delivered  to  a 
steel  receiver,  where  any  oil  carried  from  the 
cylinders  was  deposited.  From  the  receiver 
the  air  was  conveyed  a  distance  of  120  ft.  to 
the  air-lift  pump,  where  it  was  connected  by  a 
lejngth  of  metallic  hose  to  the  air-pipe  passing 
down  the  well  (in  this  case  outside  the  rising 
main)  to  an  annular  ejector  at  the  bottom. 
By  a  special  arrangement  the  whole  could  be 
raised  or  lowered,  and  the  annular  passage 
through  the  delivery  valve  of  the  ejector  in- 
creased or  decreased,  as  desired,  to  ensure  the 
most  effective  action. 

The  proper  size  of  the  annular  opening  once 
having  been  found,  no  further  adjustment  is 
required.  The  effective  length  of  the  rising 
ft.,  and  a  pressure  gauge  on  the  air  receiver 
gave  the  pressure  of  the  air  and  its  equivalent 
head  in  feet.  The  immersion  could  thus  be 
measured  by  simple  inspection.    The  head,  due 
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to  the  working  pressure  on  the  gauge,  was 
330  ft.,  6  ft.  of  which  was  found  to  be  due 
to  friction  in  the  p:pes,  leaving  324  ft.  as  head; 
and  this,  subtracted  from  580  ft.  the  total 
length  of  the  rising  main,  gives  the  effective 
lift  as  256  ft.,  the  delivery  was  some  33  ft. 
above  the  surface ;  so  that  the  water  level  in 
the  well  while  pumping,  stands  at  223  ft.  below 
the  surface,  or  69  ft.  below  its  normal  level. 

The  water,  after  being  delivered  to  an  open 
cistern,  to  allow  the  air  to  separate  from  it 
before  delivery  into  the  distributing  system  of 
the  gas  works,  w^as,  for  test  purposes,  passed 
through  a  valve  into  a  tank  provided  with 
steadying  screens,  and  a  weir  i  ft.  wide;  the 
height  of  the  still  water  was  recorded  on  a 
strip  of  paper  on  a  drum  rotated  by  clock- 
work, thus  furnishing  a  timed  record  of  the 
actual  flow  over  the  weir. 

During  the  test  the  air-compressor  was  run 
at  150  revolutions  and  at  160  revolutions  per 
minute;  the  recorder  showed  an  average  flow 
of  about  2  in.  over  the  weir,  or  about  15  cubic 
feet  per  minute,  and  the  efficiency  of  the  com- 
pressor was  then  taken  on  the  method  usually 
adopted,  of  counting  the  number  of  strokes  re- 
quired to  fill  a  measured  receiver  from  atmos- 
pheric pressure  to  the  working  pressure,  and 
correcting  for  differences  of  temperature,  to 
ascertain  the  volume  of  free  air  actually  com- 
pressed for  this  purpose.  The  measurement  of 
the  receiver  was  9.6  cubic  feet,  or,  with  the 
pipes  and  valve  chambers,  exactly  10  cubic 
feet ;  which  space  was  filled  to  135  lbs.,  the 
working  pressure,  by  164  strokes  (the  aver- 
age of  three  observations),  which,  with  cor- 
rections for  temperature,  means  a  compression 
of  0.51  cubic  feet  of  free  air  per  revolution  of 
the  engine.  Thus,  at  150  revolutions,  and  0.51 
cubic  foot  per  revolution,  76.5  cubic  feet  of  air 
were  compressed  to  raise  13H  cubic  feet  of 
water,  or  a  ratio  of  air  to  water  of  5.8  to  i, 
and  this  while  raising  the  water  256  ft.,  with 
an  immersion  of  324  ft.,  or  a  ratio  of  56  per 
cent,  of  the  total  length  of  the  rising  main. 
Further  particulars  of  the  tests  are  given  be- 
low : 

Revolutions    of    compressor 

per  minute    150  160 

Free     air     compressed,     in 

cubic   feet    76.5  81.6 

Height   of   flow   over    12-in. 

weir     i^  in.     2  in.  full 

Equivalent  delivery  in  cubic 

feet    13.2  14.54 


Volume   of   air   per    volume 

of   water    5.8  5.61 

Horse-power    equivalent    of 

water   lifted    6.4  7.04 

Horse-power  as  per  indica- 
tor diagrams   from   steam 

cylinder    17.8.         19.6 

Efficiency    of    plant    36  p.  c.       36  p.  c. 

Ratio      of      immersion      to 

height  of  rising  main....     56  p.  c.       56  p.  c. 

As  the  quantity  of  air  required  increases  ma- 
terially as  the  proportion  of  immersion  to  lift 
decreases,  to  enable  comparisons  to  be  made, 
it  is  essential  to  reduce  records  to  a  common 
standard,  preferably  60  per  cent,  of  immersion 
to  40  per  cent,  of  lift,  which  has  been  found  to 
give  the  best  results.  The  correction  of  the 
above  figures  to  this  standard  gives  the  volumes 
of  free  air  required  per  cubic  foot  of  water 
raised  as  5.05  and  4.87  cubic  feet  respectively; 
and  as  under  similar  conditions  the  best  rec- 
ords of  other  air-lift  pumps  indicate  a  probable 
requirement  of  about  8  cubic  feet  of  free  air  to 
be  compressed,  the  claim  that  the  tapering 
tube-pump  will  raise  half  as  much  more  water 
as  can  be  done  with  parallel  tubes,  with  the 
same  power,  seems  to  be  supported ;  the  e.xact 
ratio  in  this  case  in  160  to  100. 

Although  the  air-lift  pump  is  not  so  effi- 
cient as  a  first-rate  barrel  pump,  it  is  obvious 
that  it  has  advantages  under  certain  conditions, 
one  of  the  greatest  of  these  being  that  the 
working  parts  and  machinery  may  be  at  a 
great  distance  from  the  well. 

Another  advantage  is  that  it  is  quickly  and 
easily  installed.  Now  that  the  efficiency  of 
this  system  has,  by  the  use  of  the  tapered  pipe, 
been  so  much  increased,  there  does  not  seem 
any  reason  why  the  air-lift  pump  should  not 
be  more  used  than  it  has  hitherto  been. 

FLOOR    SCRUBBING  MADE    EASY 
Elias     B.    Dunn     Exhibits    Mechanical 

Invention  Which  Simplifies  Labor- 
ious Process 

H  Elias  B.  Dunn  has  his  waj-  the  day  of  the 
scrubwoman  is  over.  So  is  the  day  of  shaking 
out  carpets  and  laborious  washing  of  floors  for 
the  housewife.  Mr.  Dunn  gave  a  demonstra- 
tion of  the  inventions  which  have  brought  this 
about  in  the  offices  of  the  Dunn-Locke  Vacuum 
Cleaning  Company,  in  the  Knickerbocker  Build- 
ing, No.  116  West  Thirty-ninth  street,  yester- 
daj'. 

The  device  is  like  the  ordinary  vacuum  clean- 
ing apparatus,  except  that  its  rubs  the  floor, 
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sucks  up  the  soap  and  water  and  carries  all  the 
refuse  back  through  a  rubber  tube  and  thence 
to  the  cellar  with  a  pump,  which  discharges  the 
stuff. 

Mr.  Dunn  threw  fiour  and  other  things  over 
the  upholstery  of  his  office  furniture,  and 
showed  how  the  appartus  cleaned  it  all  off  in  a 
few  seconds  and  left  not  a  stain  behind. 


THE  Traylor  Engineering  Co.,  which  has 
recently  begun  the  manufacture  of  fuel 
briquetting  machinery,  and  the  installa- 
tion of  fuel  briquetting  plants  under  the  Mas- 
hek  system  of  briquetting,  has  already  received 
several  important  orders.  Three  of  their  or- 
ders, for  which  the  machinery  is  now  being 
built  at  the  company's  works,  at  Allentown, 
Pa.,  are,  respectively,  for  Edward  B.  Arnold, 
No.  I  Broadway,  New  York,  for  his  plant  at 
the  foot  of  West  48th  street.  New  York ;  the 
Semet-Solvay  Co.,  for  its  Detroit  plant,  and 
the  Montreal  Light,  Heat  and  Power  Co.,  of 
Montreal,  Canada. 

These  plants  represent  three  interesting  var- 
iations of  the  briquetting  industry.  Mr.  Arn- 
old is  a  large  coal  dealer.  His  plant  is  to  make 
briquettes  for  domestic  consumption,  using  the 
small  sizes  of  anthracite  coal.  The  Semet- 
Solvay  Co.  will  make  first-class  fuel  for  do- 
mestic use  from  the  coke  breeze,  which  is  a 
waste  product  from  the  Solvay  by-product 
coking  ovens,  and  the  Montreal  Light,  Heat 
and  Power  Co.  will  make  a  smokeless  bri- 
quette for  family  use  from  coke  breeze  re- 
sulting from  gas  making,  using  coal  tar  pitch 
as  a  binder. 

The  adoption  of  the  Mashek  process  and 
machinery  by  these  three  concerns  is  of  par- 
ticular significance  because  each  of  them  has 
been  experimenting  for  a  long  time  with  the 
"best  and  most  used  European  briquetting  ma- 
chinery, and  machinery  of  other  design  until 
they  were  all  of  them  conversant  with  every 
system  in  use.  Although  the  foreign  process 
and  machinery  may  be  satisfactory  abroad, 
they  have  proved  a  commercial  failure  here. 
The  briquettes  produced  are  not  of  a  size  or 
shape  to  suit  American  consumers,  most  of 
them  requiring  to  be  broken  up  before  use. 
Their  cost  also  was  too  great,  because  of  the 
small  production  of  the  plants,  the  large 
amount  of  binder  required,  and  the  cost  of  the 
necessary  attendance.  The  Mashek  plants  and 
machinery  are  entirely  automatic  in  their  oper- 
ation, no  hand-labor  being  required  from  the 


time  the  materials  are  received  until  the  fin- 
ished briquettes  are  ready  to  be  delivered  to 
the  consumers.  The  briquettes  are  of  a  size 
and  shape  suitable  for  immediate  use  and  con- 
venient to  handle  by  chute  or  shovel,  and  the 
production  is  nearly  as  large  per  hour  as  is 
the  daily  output  of  tthe  foreign  built  plants. 
The  briquettes  are  as  hard  and  clean  as  an- 
thracite coal  and  equal  the  best  qualities  of 
anthracite  for  use.  The  cost  of  briquetting 
under  this  system  has  been  demonstrated  in 
plants  now  in  operation  to  be  from  76c.  to  92c. 
per  ton,  including  pitch  for  binder,  fuel  for 
the  boilers,  dryers  and  heaters,  lubricating  oil, 
wear  ,"nd  tear  and  labor — in  fact,  including 
everything  but  the  cost  of  the  raw  material 
to  be  briquetted.  The  system  operates  equally 
well  on  anthracite  or  bituminous  coal,  coke 
breeze  or  lignite.  The  design  of  the  machinery 
and  the  installation  of  plants  is  under  the  per- 
sonal supervision  of  Mr.  G.  J.  Mashek,  the  in- 
ventor and  patentee  of  this  process  and  ma- 
chinery. 


TRIAL  OF   ROCK    DRILLS,  AT 
BENDIGO. 

Trials  were  made  at  Bendigo,  on  December 
21,  1905,  at  the  1,470  ft.  level  of  the  Suffolk 
Tribute  mine,  with  various  water  spra5's  and 
atomizers.  Before  drills  started,  24.000  dust 
particles  to  the  cubic  centimetre  were  found, 
and  in  two  and  a  half  hours  had  increased  to 
270,000.  The  approximate  average  weight 
would  be  about  70  billions  to  the  gramme.  Con- 
clusions drawn  from  the  various  experiments 
made  are: — (i)  Large  particles  are  only  found 
during  boring  in  dry  holes,  and  are  quickly 
settled  by  gravitation.  They  are  probably  too 
short  in  the  air  to  be  inhaled  in  dangerous 
quantities,  and  water  drills  or  atomizers  easily 
eliminate  even  the  possibility.  (2)  Medium 
sized  particles  are  thrown  into  the  air  in 
large  numbers  by  dry  drills,  and  render  their 
imemdiate  locality  very  dangerous  to  health. 
Their  production  in  the  air  may  be  checked  by 
water  drills,  and  the  atomizer  soon  causes  them 
to  settle  if  properly  directed.  (3)  Small  parti- 
cles are  always  found  in  mine  air  in  varying 
quantity,  and  possibly  include  a  larger  portion 
of  living  organisms  than  in  the  open  air.  Pro- 
longed use  of  water  drills  or  atomizers  tends 
to  reduce  their  numbers,  but  produces  possibly 
injurious  humidity  instead.  —  The  New  Zealayid 
Mines  Record. 
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CHIPPINGS. 


MRS.  Frances  A.  W.  Mcintosh,  formerly 
advertising  manager  of  the  Standard 
Tool  Co.,  Cleveland,  O.,  and  more  re- 
cently connected  with  the  advertising  depart- 
ment of  Power,  New  York,  has  taken  charge  of 
the  Publication  Department  of  the  Norton 
Company,  Worcester,  Mass. 


The  compressed  air  systems  are  being  ex- 
tended at  the  navy  yards  and  further  improve- 
ments in  the  methods  of  transmission  are  under 
consideration.  The  use  of  tools  operated  by 
compressed  air  is  increasing  and  plans  have 
been  made  to  make  the  facilities  more  ac- 
cessible. 


The  deepest  bore  hole  in  the  world  is  one 
that  is  located  near  Leipsig,  Germany.  The 
object  of  the  hole  was  in  determining  whether 
coal  was  there  and  likewise  the  man  making  the 
boring  was  of  a  scientific  turn  of  mind.  The 
hole  has  attained  the  great  depth  of  5.790  ft.  At 
the  surface  the  hole  was  about  a  half  foot  in 
diameter  and  at  the  bottom  had  tapered  off  to 
less  than  an  inch  in  diameter.  Diamond  drills 
were  used  and  the  rods  weighed  20  tons.  It 
took  ten  hours'  work  to  take  the  rods  apart 
and  put  them  together  again. 

Compressed  air  differs  from  electricity,  espe- 
cially in  the  fact  that  electrical  friction  losses 
cannot  be  regained,  while  corresponding  losses 
with  compressed  air  may  be  eliminated.  The 
moderate  fall  in  pressure  in  the  air  due  to 
friction  augments  the  volume  of  the  air  and 
does  not  involve  a  loss  of  transmission.  "If 
the  air  were  at  80  lb.  gage  or  95  lb.  absolute 
upon  entering  the  pipe,  and  70  lb.  gage  or  85 
lb.  absolute  at  the  other  end,  there  would  be  a 
loss  of  a  little  more  than  10  per  cent,  in  abso- 
lute pressure,  but  at  the  same  time  there  would 
be  an  increase  of  volume  of  11  per  cent,  to 
compensate  for  this  loss  of  pressure,  and  the 
loss  of  available  power  would  be  less  than  3 
per  cent." 


Where  compressed  air  is  used,  it  is  im- 
portant that  all  joints  in  the  air  mains  should 
be  carefully  made  to  prevent  any  possible 
leaks,  as  air  leaks  are  more  expensive  than 
steam  leaks.  At  intervals,  it  is  well  to  test 
for  leaks  by  allowing  the  air  at  full  pressure 
to  remain  in  the  pipe  long  enough  to  observe 


the  gage.  To  render  pipes  accessible  for  in- 
spection, they  should,  if  buried,  be  carried  in 
boxes  sunk  just  below  the  surface  of  the 
ground,  and  all  low  points  which  might  form 
pockets  for  the  accumulation  of  entrained 
water  should  be  avoided,  as  they  obstruct  the 
passage  of  the  air.  It  is  also  advisable,  in 
long,  uneven  lines,  to  provide  an  opening  near 
the  end,  for  occasionally  blowing  out  water. 
Long  lengths  of  pipes  on  the  surface  or  shafts 
where  the  temperature  is  subject  to  changes, 
should  be  provided  with  expansion  joints. 


The  pneumatic  tube  as  a  feature  of  the  mail 
service  seems  finally  coming  into  its  own,  after 
years  of  interesting  and  peculiar  struggle,  such 
as  no  worthy  labor-saving  device  probably  ever 
has  to  go  through  until  it  strikes  the  tortuous 
ways  that  lead  to  Government  adoption.  But 
in  spite  of  all,  the  pneumatic  tube  which  has 
long  been  an  established  time  and  money  saver 
in  private  establishments,  which  has  hustled 
express  from  city  to  suburb,  is  to  be  much 
more  in  evidence  in  Uncle  Sam's  mail  service. 
Bids  ha,ve  been  t)pened  recently  for  renewal 
of  contract  and  extension  of  the  service  in 
New  York,  Brooklyn,  Philadelphia,  Chicago 
and  St.  Louis ;  for  renewal  of  contract  in  Bos- 
ton, and  for  new  service  in  Pittsburgh,  Balti- 
more, Cincinnati,  Kansas  City  and  San  Fran- 
cisco. Appropriations  not  to  exceed  $1,250,- 
000  a  year  for  the  service  are  now  available, 
and  extend  over  a  period  of  ten  years.  These 
should  give  the  Postmaster-General  a  rather 
free  and  generous  hand  in  getting  from  the 
pneumatic  tube  a  service  most  valuable  and 
time-saving  in  many  parts  of  the  country. 


To  produce  a  black  color  on  brass,  the  fol- 
lowing is  the  formula:  Dissolve  i  pound  of 
plastic  carbonate  of  copper  in  2  gallons  of 
strong  ammonia;  first  boil  the  brass  that  is  to 
be  blackened  in  a  strong  potash  solution  to  re- 
move all  grease  and  oil ;  rinse  well  and  dip  in 
the  copper  in  the  ammonia  solution,  which 
should  be  heated  to  150  to  175  deg.  F.,  until  the 
desired  degree  of  blackness  is  acquired.  The 
color  produced  is  very  uniform  and  has  little 
tendency  to  peel  off.  The  process  works  best 
on  brass  containing  much  copper,  or  on  what 
is  known  as  "red"  brass.  Directions  are  also 
given  for  making  the  plastic  carbonate  of  cop- 
per as  follows:  Blue  vitriol  (sulphate  of  cop- 
per) is  dissolved  in  hot  water  and  a  strong 
solution  of  common  washing  soda  is  added  to 
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it  so  long  as  any  precipitate  forms.  The  pre- 
cipitate is  allowed  to  settle  and  the  clear  liquid 
is  poured  off.  Hot  water  is  now  added,  and 
the  mass  stirred  and  again  allowed  to  settle. 
Again  the  clear  wat^r  is  poured  off  and  the 
operation  of  adding  hot  water  settling  and 
pouring  off  is  repeated  until  everything  has 
been  washed  out  of  the  green  carbonate  of 
copper  which  remains  at  the  bottom  of  the 
vessel.  This  is  the  plastic  carbonate  of  copper 
referred  to. 


ground,  to  the  variations  in  the  flow  of  springs 
and  other  phenomena  of  a  like  nature. — Sci- 
entific American. 


WELLS  AND  THE  WEATHER 

According  to  the  observation  of  M.  Grosse- 
teste  upon  some  of  the  wells  which  are  situated 
in  the  Canton  of  Geneva,  it  appears  that  the 
wells  have  the  remarkable  property  of  draw- 
ing in  air  at  certain  times  and  of  blowing  out 
air  at  other  periods.  These  wells  are  con- 
sidered by  the  inhabitants  of  these  districts 
as  very  exact  indications  of  the  weather.  When 
the  wells  blow  out  air  it  is  a  sign  that  rain  is 
to  follow,  and  when  air  is  drawn  in  it  is  a 
sure  indication  of  fine  weather.  Si^ice  the 
wells  are  covered  with  a  flat  stone  having  a 
hole  in  it,  according  to  the  custom  of  the 
region,  it  is  easy  to  observe  the  direction 
which  is  taken  by  the  current  of  air.  Some 
observers  installed  upon  one  of  the  wells  a 
pressure  gauge  of  U-form,  and  were  thus  able 
to  find  some  interesting  points  about  the  air 
currents.  Thus  they  find  that  a  well  is  very 
seldom  in  a  state  of  equilibrium.  It  blows  out 
when  the  barometer  falls  and  sucks  in  air 
when  it  rises.  These  variations  do  not  exceed 
a  height  of  one  inch  on  the  gauge.  As  to  the 
theory  of  the  action  of  these  wells,  it  is  to  be 
remarked  that  they  lie  in  strata  of  alluvial 
gravel  covered  with  vegetable  earth  which  is 
quite  or  nearly  impervious  to  water.  We  may 
therefore  admit  that,  owing  to  the  spaces 
which  exist  between  the  stones  of  the  gravel, 
these  strata  form  a  reservoir  of  great  capacity 
in  which  the  water  circulates.  The  water 
comes  into  the  cavities  when  the  atmospheric 
pressure  is  lowered,  and  it  leaves  them  when 
the  pressure  rises.  The  effect  of  these  move- 
ments is  thus  felt  within  the  well,  inasmuch 
as  the  latter  forms  the  connecting  point  with 
the  outer  air.  This  phenomenon  may  be  said 
to  have  a  considerable  analogy  with  the  emis- 
sion of  gases  by  certain  hot  springs,  to  caves 
where    a    current    of    air   circulates    upon    the 


It  was  recently  noticed  in  a  cold  storage 
that  candles  or  lamps  began  to  burn  with  a 
feeble  flame  as  soon  as  they  were  brought  into 
the  room  and  that  in  many  parts  of  it  they 
were  extinguished.  A  match  could  be  lit,  but 
the  wax  would  not  ignite.  In  the  corner  of 
the  storeroom  was  a  disused  well,  from  which  . 
gas  issued,  and  Mr.  Bertram  Blount,  who  was 
asked  to  investigate  the  cause  of  the  trouble, 
at  first  supposed  that  carbon  dioxide  was  being 
distributed  into  the  air  from  this  well.  But 
this  was  not  borne  out  by  analysis  of  the  air 
in  the  room  and  from  the  well,  says  Knowledge 
and  Science,  for  the  amount  of  carbon  dioxide 
was  only  slightly  more  than  is  present  in  nor- 
mal air,  and  was  quite  insufficient  to  have  af- 
fected the  combustion  of  a  candle.  Samples 
of  the  air  taken  from  different  parts  of  the 
room  contained  only  17.5  to  17.7  per  cent,  of 
oxygen,  or  from  3.2  to  3.4  per  cent,  less  than 
is  present  in  normal  air.  The  oxygen  in  the 
air  in  the  shaft  of  the  well  amounted  to  no 
more  than  8.6  to  8.9  per  cent,  and  other  ex- 
periments confirmed  the  conclusion  that  the 
air  in  the  storeroom  was  ordinary  air  contain- 
ing less  than  its  proper  proportion  of  oxygen, 
owing  to  admixture  of  air  deprived  of  its 
oxygen,  which  issued  from  the  well  shaft.  The 
source  of  the  impoverished  air  from  the  well 
was  finally  traced  to  tunneling  operations  close 
by,  in  which  compressed  air  was  being  used. 
The  air  must  have  found  its  way  through  the 
soil  wherever  it  was  sufficiently  porous,  and 
so  into  the  shaft  of  the  well,  and  on  its  pass- 
age through  the  soil  must  have  been  deprived 
of  part  of  its  oxygen  by  contact  with  some 
substance  such  as  pyrites.  Evidence  in  sup- 
port of  the  correctness  of  this  conclusion  was 
furnished  by  the  analysis  of  the  mud  from 
another  well  shaft  near  the  first.  This  mud 
was  found  to  contain  pyrites,  and  air  left  in 
contact  with  it  for  some  weeks  was  deprived 
of  almost  the  whole  of  its  oxygen. 


ONE  of  the  causes  of  a  serious  loss  in  the 
transmission  of  compressed  air  is  pump- 
ing the  air  of  the  engine  room   rather 
than  air  drawn  from  a  cooler  place.     This  loss 
amounts  to  from  2  to  10  per  cent. 


COMPRESSED     AIR. 


4323 


Full  specifications  regarding  any  of  tliese  patents 
may  be  obtained  by  sending  five  cents  to  tlie  Commis- 
sioner of  Patents.'  Wasliington,  D.  C.  (Stamps  will 
not  be  accepted.) 

830,618.     FAN     FOR      PNEUMATIC      STACKERS. 
Joseph    K.    Sharpe,    Jr.     Indianapolis,    Ind.,     as- 
signor   to    the    Indiana    Manufacturing    Company, 
Indianapolis,    Ind.,    a    Corporation    of    West    Vir- 
ginia.    Filed  Apr.    17,    1905.     Serial   No.  256,106. 
Claim. — I.     The     combination,     with      a      fan-vasing 
having   an    eye    leading    thereinto,    of    a    fan    rotatably 
mounted    within    the    casing,    and    a    guard    consisting 
of   a   series   of   substantially   concentric   separated   por- 
tions arranged  between  the  eye  of  the  casing  and  the 
fan. 

830,661.     PNEUMATIC     KNEE-PAD.       Erxest     G. 
Gresham,    Dunedin,    New   Zealand.      Filed   Jan.   6, 
1906.      Serial    No.    294,970. 
830,975.     APPARATUS    FOR    PRODUCING    HIGH- 
LY-OZONIZED   AIR    OR    OXYGEN.      Auguste 
831,040.      LOAD-BRAKE    APPARATUS.      John    S. 
Custer,   Pittsburg,   Pa.,   assignor  to  The  Westing- 
house  Air  Brake  Company,   Pittsburg,   Pa.,  a  Cor- 
poration  of   Pennsylvania.      Filed   Dec.    18,    1903. 
Serial  No.    185,679. 
831,044-       EXPLOSIVE-ENGINE.       Herman     Dock, 
Philadelphia,    Pa.      Filed    Nov.    6,    1903.      Serial 
No.   180,005. 
Claim. — In    an    explosive-engine,    in    combination,    a 
cylinder,    a    carbureter,    connection    between    the    car- 
bureter   and    the    cylinder,    a    source    of    air-pressure 
supply,    a    pipe    leading   therefrom    to    the    carbureter, 
a  pipe  leading  from  the  atmosphere  to  the  carbureter, 
and   means   to  rf;onnect   the   carbureter   with   either   the 
atmosphere  or  the  air-pressure  supply. 
831,272.     PNEUMATIC  TOOL.     Nathan  W.  Fletch- 
er,   Chicago    Heights,    111.,    assignor    to    Turbine 
Motor  Tool  Company,  Chicago,  111.,  a  Corporation 
of    Illinois.      Filed    May    16,    1904.      Serial    No. 
208,244. 


Claim. — ;A  tool  for  the  purposes  set  forth,  compris- 
ing a  main  frame  embracing  a  base  having  a  flat, 
bottom  bearing-surface,  a  turbine-motor,  the  rotative 
member  of  which  is  mounted  centrally  over  the  base 
with  its  axis  of  rotation  vertical  and  the  non-rotative 
member  of  which  is  rigidly  attached  to  said  base  and 
constitutes  a  part  of  the  frame,  an  upright  tool-shaft 
located  outside  of  said  base,  a  rigid  arm  on  the  frame 
affording  a  bearing  for  said  shaft,  end  bearings  for 
the  shaft  which  are  adjustable  on  said  arm  in  a 
direction  endwise  of  the  shaft,  and  gearing  connecting 
the  rotative  member  of  the  motor  with  said  tool-shaft. 
83:,27S.  APPARATUS  FOR  HUMIDIFYING  AND 
CLEANSING  AIR.  John  W.  Fries,  Winston 
Salem,   N.   C.     Filed  April  24,    1902.     Serial   No. 

831,284.'  PROTECTIVE  DEVICE  FOR  VENTIL.\T- 
ING-FANS.  Robert  A.  Ilg,  Chicago,  111.,  as- 
signor of  one-half  to  Theresa  Ilg,  Chicago,  111. 
FUed  Feb.  3,  1905.     Serial  No.  244,028. 


831,373-  AIR-BRAKE  ATTACHMENT.  James  B. 
O'Donnell.  Freeland.  Pa.  Filed  Nov.  20,  :90s. 
Serial  No.  288,190. 

831,418.        AUTOM.-KTIC     AIR-BRAKE      SYSTEM. 

Fred   B.   Corey,    Schenectady,   N.   Y.,   assignor  to 

General  Electric  Company,  a  Corporation  of  New 

York.     Filed    Dec.    19,    1903..       Serial    No.    185.794. 

831,540.  ELASTIC-FLUID  TURBINE.  Charles  G. 
Curtis,  New  York,  N.  Y.,  assignor,  by  mense 
assignments,  to  General  Electric  Company,  a  Cor- 
goration_  of  New  York.  Filed  Dec.  11,  1903. 
berial   No.    184,746. 

831,677.  PRESSURE-REGULATOR.  Anthony  L. 
NooNE,  New  York,  N.  Y.  Filed  March  22,  1905. 
Serial  No.  251,408. 

831,739-      PRESSURE-REGULATOR.      Anthony    L. 

NooxE,  New  York,  N.  Y.     Filed  March  22,  1905. 

Serial  No.  251,409. 
831,795.       HIGH-SPEED     BRAKE.       William     B. 

Manx,  Baltimore,  Md.,  assignor  to  American  Air- 

Brake    Company,    a    Corporation    of    New    Jersey. 

Filed    March    5,    1903.      Renewed   Jan.    10,    1906. 

Serial  No.  295,482. 

2 
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Claim. — In  a  high-speed  brake,  the  combination  of  a 
brake-cylinder,  with  a  relief-valve,  a  movable  member 
secured  thereto,  devices  exerting  a  constant  force 
831,824.       VALVE     FOR     FLUID-PRESSURE 

MOTORS.       Sidney     W.     Brainard,     Cleveland. 

Ohio,  assignor  to  The  Cleveland   Pneumatic  Tool 

Company,  Cleveland,  Ohio,  a  Corporation  of  Ohio. 

Filed  Feb.  9,   1906.     Serial  No.  300,227. 
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Claim. — In  a  fluid-pressure  motor,  the  combination 
of  a  cylinder,  its  piston,  a  crank-shaft,  and  connec- 
tions between  said  crank-shaft  and  piston,  with  a  ro- 
tary valve  consisting  of  two  concentric  parts,  to  wit, 
a  tubular  shell  having  an  exhaust-port  through  its 
wall,  and  an  inlet-port  in  its  surface,  and  a  stem  hav- 
ing a  longitudinal  hole  open  at  one  end,  and  one  or 
more  transverse  holes  through  its  wall  connecting  with 
said  longitudinal  hole,  there  being  an  annular  space 
between  the  valve-shell  and  stem,  mechanism  adjust- 
ably connecting  said  shell  and  stem,  and  mechanism 
transmitting  motion  from  the  crank-shaft  to  said 
stem. 

«3i,864.     RETAINING  AND  RECHARGING  VALVE 
FOR    AIR-BRAKES.      Claude    B.    Harrington, 
McMechen,  W.  Va.,  assignor  of  one-half  to  Harry 
A.    Uhler,    W.   J.    Duffy   and  ■  O.    L.    Simms,    Mc- 
Mechen,   W.    Va.      Filed    Sept.    25,    1905.      Serial 
No.  280,096. 
831,930.     MOTOR  OR  ENGINE.     Charles  C.  Clark, 
Corning,  N.  Y.     Filed  Sept.  13,   1905.     Serial  No. 
278,327. 
Claim.- — ^An    engine    or    motor    provided    with    pneu- 
matic  driving  means,    electrical    driving  means,    and   a 
generator  adapted  to  be  operated  by  air-pressure  from 
the    pneumatic    driving   means    and    to    supply    current 
to  said  electrical   driving  means. 

831,970.  PNEUMATIC  SANDER.  John  J.  Morgan, 
Baltimore,  Md.,  assignor  to  John  C.  Hooper  and 
Thomas  M.  Hanson,  Baltimore,  Md.  Filed  June 
19,  1906.     Serial  No.  322,398. 


Claim.- — A  pneumatic  sander  comprising  a  sand-re- 
ceptacle; a  plurality  of  sand-distributing  devices  sus- 
tamed  in  said  receptacle  in  different  horizontal  planes 
and  air-tubes  in  the  receptacle  and  also  arranged  in 
different  horizontal  planes. 

832,038.     PNEUMATIC  VALVE.     Hampis  A.   Carl- 
son,    Bridgeport,    Conn.       Filed    April    26,     1906. 
Serial  No.  313,897. 
832,306.      PNEUMATIC    BR.\KE-VALVE.      George 
P.  Finnigan,  Greene,  N.  Y.     Filed  .\ug.  26,  1904. 
Serial   No.    222,240. 


Claim. — In  a  pneumatic  brake-valve,  the  combina- 
tion of  a  hollow  pneumatic  member  provided  with 
an  opening,  a  disk  of  glass  disposed  adjacent  to  said 
opening  and  having  a  convex  conformity  for  the 
purpose  of  resisting  air-pressure,  and  means  for  auto- 
matically breaking  said  disk  so  as  to  allow  the  free 
passage  of  air  through  said  opening. 


832.374.  MOUTHPIECE  FOR  PNEUMATIC  TEAT- 
CUPS.  Alexander  Gillies,  Geelong,  Victoria, 
Australia.  Filed  March  22,  1906.  Serial  No. 
307.454- 

832.375.  PNEUMATIC  HEEL-CUSHION.  Will- 
iam L.  Gordon,  Deal,  N.  J.  Filed  Dec.  13,  1905. 
Serial  No.  291,562. 

382,567.  COMPOUND  AIR-PUMP.  Howard 
WixoN,  Chicago,  111.,  assignor  to  Imperial  Brass 
Manufacturing  Company,  Chicago,  111.  Filed 
April   13,    1905.      Serial   No.   255,291. 
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Claim. — A  compound  pump  com.prising  high  and 
low  pressure  cylinders  having  inlets  at  adjacent  ends 
and  outlets  at  the  opposite  adjacent  ends  and  having 
an  unobstructed  passage  leading  from  the  outlet  end 
of  the  low-pressure  cylinder  to  the  inlet  end  of  the 
high-pressure  cylinder,  and  one-way  yielding,  cupped 
pistons  in  said  cylinders  connected  to  shift  simul 
taneously  in  opposite  directions,  substantially  as  de- 
scribed. 

832,67^.     PEDAL  ATTACHMENT   FOR   PNEUMA- 
TICALLY-OPERATED   INSTRUMENTS.     Nel- 
son  D.  Hosley,  Meriden,   Conn.,  assignor  to  The 
Wilcox  &  White  Co.,  Meriden,  Conn.,  a  Corpora- 
tion.    Filed  Sept.   14,   1905.     Serial  No.  278,410. 
832,768.       ELECTRIFIER     FOR     TREATING     AIR 
OR   OTHER   GAS.     James   H.    Bridge,    Philadel- 
phia, Pa.     Filed  May  25.  1906.     Serial  No.  318,643. 
832,780.        FLUID-PRESSURE-ACTU.4TED      ME- 
CHANISM     FOR      CONTROLLING      GATES, 
VALVES,    &c.      George   A.    Cutter,    Nashua,    N. 
H.,  assignor  to   Improved  Paper  Machinery  Com- 
pany,   Castine,   Me.,    and   Nashua,    N.    H.,   a   Cor- 
poration  of  Maine.     Filed   Feb.    14,    I903-     Serial 
No.   143,339- 
832,783.      COMPRESSION   OF   ELASTIC   FLUIDS. 
Sebastian    Z.    de    Ferranti,     London,     England. 
Filed  Oct.   ip,   1903.     Serial  No.   177.703- 
■    Claim. — An     elastic-fluid     compressor     employing     a 
liquid  as  the  medium  of  compression,  comprising  means 
for    giving    the    liquid    velocity,    a    plurality    of    fixed 
tubes   or   ducts   receiving  the   liquid   from   such   means 
through   which   the    elastic   fluid    is   compressed   succes- 
sively   under    pressure    by    said    liquid    and    a    means 
which  said   tubes   connect   for   receiving  the   discharge 
therefrom. 
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THE  RAISING  OF  THE  BAVARIAN 

The  use  of  compressed  air  in  raising 
stranded  vessels  was  inaugurated  for  the  first 
time  in  the  case  of  the  12,000  ton  Allan  Liner 
"Bavarian,"  which  ran  on  Wye  Rock  thirty- 
eight  miles  from  Quebec  on  the  night  of  No- 
vember 3,  1905.  Almost  every  method  known 
to  wreckers  for  saving  the  vessel  was  tried 
and    found    wanting,    and    over    $100,000    was 


spent  in  unsuccessful  attempts  to  raise  the 
great  vessel  from  the  Pinnacle  Rock  upon 
which  she  was  stranded. 

Through  the  courtesy  of  the  North  Ameri- 
can Wrecking  Company,  which  had  charge  "of 
the  raising  of  the  vessel,  we  are  enabled  to 
present  a  description  of  the  work,  together 
with  photographs  and  drawings. 

The  greater  part  of  the  credit  for  the  suc- 
cess of  the  undertaking  belongs  to  two  young 
engineers,  Mr.  Robert  O.  King  and  Mr,  Wil- 
liam W,  Wotherspoon,  Mr,  Wotherspoon  re- 
membered that  Mr.  King  had  asked  him  at 
one  time  how  a  caisson  sunk  in  the  river  for 
the  purpose  of  building  inside  of  it  the  founda- 
tion for  a  pier  differed  from  a  ship  without  a 
bottom.  He  recalled  that  Mr,  King  re- 
marked that  he  believed  water  could  be  ex- 
pelled from  a  wreck  in  the  same  way  that  it 
was  forced  from  a  caisson  and  that  he  was 
convinced  that  the  "Bavarian"  could  be  floated 
by  using  compressed  air  to  force  the  water 
from  her  hold.  The  two  engineers  discussed 
the  matter  and  finally  decided  to  take  a  party 
to  visit  the  ship.  This  was  done  on  June  27. 
After  a  careful  examination  of  the  ship  it  was 
decided  that  the  "Bavarian"  could  be  floated 
by  means  of  the  compressed  air  method,  and 
the  young  engineers  made  up  their  minds  to 
bid  for  the  salvage  of  the  vessel,  which  was 
estimated  to  be  worth  approximately  $r,- 
000,000. 

Both  men  experienced  considerable  difficulty 
in  securing  the  backing  of  men  prominent  in 
the  scientific  and  financial  world.  One  of  the 
first  to  approve  of  the  plan  was  Judge  Charles 
F.  MacLean,  of  the  New  York  Supreme 
Court.  Later  the  plans  were  submitted  to  Mr, 
W.  G.  Rainsford  and  Captain  Thomas  C. 
MacLean,  U.  S.  N.,  who  both  agreed  with 
Judge  MacLean  as  to  their  feasibility. 

It  was  deemed  desirable  to  interest  Cana- 
dian capital,  and  when  a  company  was  organ- 
ized to  carry  out  the  undertaking,  it  included 
Messrs.  Charles  R.  Hosmcr.  of  the  Canadian 
Pacific  Railway  Company;  Thomas  J.  Drum- 
mond,  of  Montreal;  W.  E.  D.  Stokes,  W.  G. 
Rainsford,  James  B.  Brady,  Jacob  Rubine, 
John  A.  MacDonald,  J.  A.  Richard.  William 
Koerper,  Charles  F.  MacLean,  of  New  York, 
and  John  W,  MacLean.  of  Utica,  N.  Y.  Capi- 
tal was  furnished  by  these  men,  and  the  two 
engineers  were  told  to  go  ahead  with  their 
plans. 
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Mr.  Wotlierspoon,  who  was  to  have  entire 
charge  of  the  work  up  the  bulwarks  of  the 
vessel,  set  about  obtaining  his  crew.  He  had 
a  close  acquaintance  with  that  remarkable 
class  of  men  who  make  it  their  business  to 
work  in  compressed  air  and  who  are  com- 
monly known  as  "sand  hogs."  He  therefore 
collected  his  crew  with  great  expedition,  many 
of  the  "sand  hogs"'  and  mechanics  being  en- 


Examination  had  shown  that  the  "Bava- 
rian's" bottom  amidships  was  in  a  very  ragged 
condition.  The  plating  had  been  torn  by  the 
jagged  rocks,  and  it  was  impossible  to  patch  it. 
The  holes  were  so  large  that  it  would  have 
been  useless  to  try  to  pump  the  water  out,  so 
the  preparations  to  force  it  out  through  the 
openings  of  the  bottom  were  hurried  forward. 

All   the  ship's   compartments   were  made  as 


STEAMER        BAVARIAN       AS    SHE   APPEARED    BEFORE    BEING    FLOATED. 


gaged   actually   as   they   came    off   shift   from 
the  different  tunnels  in  New  York. 

Within  thirty  days  these  men,  together  with 
thirty  more  hired  in  Montreal  and  vicinity, 
and  the  air  compressing  plant,  were  taken  by 
tugs  from  Quebec  to  the  wrecked  steamer.  It 
took  but  a  few  hours  to  set  up  the  machinery 
on  deck,  and  the  men  who  had  been  brought 
from  New  York  looked  the  "Bavarian"  over. 
One  of  these  men  was  Richard  Creedon,  a 
tunnel  worker,  who  was  blown  through  the 
roof  of  the  East  River  tunnel  by  the  air  pres- 
sure and  who  finally  appeared  on  the  surface 
of  the  river  swimming  for  the  nearest  pier. 


nearly  air  tight  as  possible.  The  hatches  were 
closed  by  plating,  which  was  simply  laid  under 
the  hatch  combing  so  that  when  the  air  pres- 
sure was  applied  the  covers  would  be  held  in 
place.  Air  locks  were  placed  on  the  compart- 
ments which  had  filled  with  water.  As  the  air 
was  forced  in  the  water  rapidly  receded,  and 
the  workmen  were  able  to  stop  the  leaks  with 
temporary  plating. 

One  of  the  most  difficult  leaks  to  stop  was 
in  the  fourth  peak  tank,  which,  in  the  "Ba- 
varian," is  a  large  ballast  tank  of  about  115 
tons  capacity.  An  air  lock  was  not  placed  on 
this  tank,  but  the  manhole  was  put  in  place. 
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and  the  air  pressure  applied.  When  the  water 
had  been  driven  out  until  the  bottom  was 
within  a  few  feet  of  the  surface,  the  manhole 
was  taken  off  quickly,  and  the  superintendent 
and  a  "sand  hog"  hurriedly  dropped  through 
it.  The  manhole  cover  was  put  on  and  the 
air  applied.  This  time  the  water  was  forced 
to  the  bottom,  and  the  workmen  closed  the  leak 
so  completely  that  they  were  able  to  leave  the 
tank  at  their  leisure. 

Judge    MacLean    and    Mrs.    MacLean    had 
boarded  the  ship  a  few  days  before  the  final 


soon  as  she  floated  off  it  would  be  pretty  seri- 
ous for  all  on  board. 

In  this  emergency  the  presence  of  Judge 
and  Mrs.  MacLean,  of  New  York,  proved  for- 
tunate. The  weather  had  been  very  inclement, 
and  it  had  been  suggested  that  perhaps  it 
would  be  better  for  her  and  Judge  MacLean 
to  go  ashore  before  the  floating  of  the  ship. 
But  Mrs.  MacLean  refused  to  leave  the  "Ba- 
varian" until  the  vessel  was  tied  to  her  pier 
in  Quebec.  She  went  among  the  frightened 
men   and   reassured   them   by  her   composure. 


GROUP  OF  ENGINEERS   IN  CHARGE  OF  THE  RAISING   OF   THE     'BAVARIAN. 

TOP  ROW  (from  left  to  right)— Messrs.  cashman,  klous,  murphre  and  Steele. 
BOTTOM  ROW  (from  left  to  right) — Messrs.  lee,  baker  and  wotherspoon. 


touches  were  put  on  the  work.  It  had  been 
planned  to  float  the  vessel  on  November  15,  on 
which  day  it  was  expected  there  would  be  a 
normally  high  tide,  but  instead  a  storm  came 
on  which  caused  a  very  low  tide,  and  the  float- 
ing of  tlie  ship  had  to  be  postponed.  It  was 
during  this  wait  that  the  strain  on  the  mens' 
nerves  was  most  apparent.  Some  of  the  "sand 
hogs"  and  the  Italians  who  had  been  hired  to 
take  coal  out  of  the  bunkers  began  to  com- 
plain. They  reminded  each  other  that  there 
was  seven  fathoms  of  water  off  the  rock  on  all 
sides  and  that  if  the  sliip  should  turn  turtle  as 


It  is  said  by  those  who  were  there  that  many 
of  the  workmen  would  undoubtedly  have  mu- 
tinied and  gone  ashore  if  they  had  not  been 
ashamed  to  show  the  white  feather  when  a 
woman  remained  on  the  ship. 

There  was  a  gale  blowing  on  November 
16  and  an  indication  of  an  unusually  high  tide. 
Owing  to  the  bad  weather  the  tugs  which  had 
been  lying  alongside  had  dropped  down  the 
river  to  a  more  sheltered  position.  As  the  tide 
rose  the  air  compressors  were  set  to  work  and 
the  full  power  of  the  plant  used  in  forcing  air 
into   the   holds   of   the   ship.      Suddenly   there 
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was  a  movement  in  the  great  vessel  as  she 
lifted  herself  from  the  rocks,  and  a  cheer  went 
up  from  those  on  board.  Five  minutes  later 
the  "Bavarian"  floated  clear  of  Wye  Rock  in 
sixty  feet  of  water.  After  the  first  few  min- 
utes all  apprehension  that  the  vessel  might  turn 
turtle  or  that  the  air  pressure  would  not  hold 
the  water  back  was  dispelled.  The  "Bavarian" 
floated  on  almost  even  keel  and  was  soon  in  the 
tow  of  tugs  on  her  way  to  Quebec. 

Estimates  show  that  the  cost  of  salving  the 
"Bavarian,"  in  accordance  with  the  plan  of 
Mr.  Wotherspoon  and  Mr.  King,  was  less 
than  one-fourth  the  amount  expended  by 
those  who  attempted  unsuccessfully  to  raise 
the  vessel  by  the  use  of  old  wrecking  meth- 
ods. Only  $30,000  was  spent,  and  if  the  salv- 
age is  half  the  value  of  the  vessel,  which  is 
the  law,  the  prize  is  worth  nearly  $500,000  to 
those  who  risked  their  capital  in  an  untried 
scheme. 

Among  those  who  greatly  assisted  in  the 
work  should  be  mentioned  Mr.  S.  B.  Mc- 
Quade,  of  the  Ingersoll-Rand  Co.,  who  acted 
as  expert  in  the  compressed  air  work  and 
who  made  several  trips  to  the  wreck,  ren- 
dering valuable  advice.  Some  seventy  men 
were  employed  on  the  ship  during  the  work. 
As  may  be  imagined  from  studying  the  cir- 
cumstances, everything  in  regard  to  the  oper- 
ation had  to  be  calculated  with  mathematical 
accuracy.  When  work  was  begun  by  the 
company  on  September  9  it  was  first  necessary 
to  clean  out  the  holds  and  lighten  the  ship  of 
everything  movable.  It  was  found  that  con- 
siderable grain,  cheese,  pulpwood,  coal  and 
other  material  had  been  left  in  some  of  the 
holds,  and  the  cleaning-out  process  occupied 
some  time.  Then  it  was  necessary  to  solidly 
timber  several  of  the  compartments  and  ren- 
der air  tight  the  section  beneath  the  lower 
deck  amidships  (lower  hold  No.  4),  which 
was  to  be  used  as  a  caisson.  The  timbering 
above  the  caisson  compartments  was  particu- 
larly fine,  extending  as  far  as  the  upper  deck. 
This  was  necessary  as,  when  the  air  pressure 
was  applied,  the  whole  weight  of  the  ship 
would  depend  upon  the  upper  decks.  A 
wooden  tank  of  about  200  tons  was  also  built 
directly  beneath  the  engines,  and  this  being 
made  absolutely  air  tight,  the  weight  of  the 
engines  rested  upon  it  alone.  Air  bags  and 
tested  barrels  were  secured  in  the  bunkers  and 
stoke  hole,  the  whole  lifting  power  of  the  air 
being  so  calculated  as  not  to  materially  throw 


the  ship  out  of  trim  when  she  should  rise. 

Exactly  what  will  be  done  with  the  "Ba- 
varian" in  her  new  lease  of  life  has  not  yet 
been  decided.  If  she  is  dry  docked  at  Que- 
bec it  will  be  a  tight  squeeze,  as  the  entrance 
to  the  dock  is  only  59  feet  6  inches  wide  and 
the  ship  is  59  feet  3  inches  beam.  She  may 
be  brought  to  New  York  or  taken  to  Halifax, 
or  perhaps  not  permanently  repaired  until  she 
can  be  taken  across  the  Atlantic  to  her 
builders'  yards.  It  is  generally  expected, 
however,  that  she  will  eventually  resume  ser- 
vice in  the  Allan  Line.  The  future  pro- 
gram of  the  North  American  Wrecking  Com- 
pany has  also  not  been  completed.  The 
company,  which  has  its  head  offices  at  16  East 
Forty-second  street,  New  York,  is  a  Canadian 
corporation,  with  Messrs.  T.  J.  Drummond 
(of  Montreal),  president;  W.  E.  D.  Stokes 
(of  New  York),  vice-president,  and  W.  G. 
Rainsford  (of  New  York),  treasurer. 


THE  ANTECOOLER,  THE  INTER- 
COOLER  AND  THE  AFTER- 
COOLER 

By  Frank  Richards,  M.  Am.  Soc.  M.  E. 

There  is  one  thing  to  be  said  for  these  sev- 
eral coolers  which  cannot  be  said  for  any 
other  of  the  products  of  compressed  air  ma- 
chinery manufacturers,  and  that  is  that  they 
do  their  work  for  nothing.  Almost  every- 
thing that  is  gotten  up  to  do  some  thing  costs 
something  for  the  working  of  it.  It  requires 
either  power  to  drive  it  or  material  to  con- 
sume, or  both ;  and  then  in  figuring  the  cost 
of  the  product  this  power  cost  or  material 
cost  has  to  be  deducted.  With  the  coolers 
there  is  nothing  required  of  either  power  or 
material.  There  can  be  absolutely  no  opera- 
tive charge  against  the  most  important  and 
effective  of  them,  the  intercooler,  except  for 
the  water  that  flows  through  it,  and  that  can't 
cost  anything,  because  the  water  is  just  as 
usable  for  any  purpose  after  as  before;  and 
yet  the  good  work  which  the  intercooler  does 
is  indisputable,  is  easily  computable  and  is  of 
great  actual  value. 

The  intercooler  being  such  a  bargain,  I  am 
much  in  favor  of  employing  it  wherever  prac- 
ticable, and  it  certainly  ought  to  be  employed 
much  more  extensively  than  at  present.  An 
antecooler  would  work  on  the  same  principle 
as   the    intercooler   and   just   as   cheaply,   and 
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there  are  many  cases  where  it  could  be  em- 
ployed with  profit,  especially  in  the  summer, 
and  in  all  cases  where  very  cold  water  is 
available;  and  it  is  not  at  all  certain  that  the 
makers  of  intercoolers  and  aftercoolers  should 
not  make  and  advertise  and  sell  antecoolers 
also. 

The  intercooler,  of  course,  implies  the  com- 
pound or  two-stage  compressor,  and  this,  up 
to  the  undebatable  pressures,  is  quite  apt  to 
be  regarded  as  an  unprofitable  refinement  or 
a  costly  complication.  The  status  of  a  com- 
pressor to  the  intending  purchaser,  and  also 
to  the  salesman,  as  to  whether  it  should  be 
single  stage  or  two  stage,  should  be  precisely 
the  same  as  whether  it  should  be  a  20-inch 
or  a  24-inch  machine,  the  ultimate  question  in 
either  case  being  as  to  which  will  be  the  ma- 
chine to  do  what  we  want  it  to  do,  and  to  do 
it  most  cheaply  and  most  satisfactorily. 

It  is  more  or  less  of  an  open  question  as  to 
what  air  pressures  should  employ  two-stage 
compression  and  as  to  the  upper  limit  of  sin- 
gle-stage compression.  Coming  right  near 
home  we  find  some  interesting  air-compress- 
ing plants  employed  upon  the  New  York 
tunnel  work.  In  these  plants  we  generally 
find  two  different  systems  employed  and  two 
entirely  separate  and  different  sets  of  appara- 
tus; one  for  "high"  and  the  other  for  "low" 
pressure,  the  former  going  up  to  125  pounds 
and  the  other  never  expected  to  go  above  50 
pounds.  For  the  high-pressure  service  two- 
stage  compressors  are,  of  course,  employed 
without  question,  but  for  the  low  pressure 
there  is  single  compression,  and  here  might 
come  in  the  question  as  to  whether  two  stage 
should  not  go  down  to  that  also.  In  the  ser- 
vice here  referred  to,  the  question  does  not 
really  apply,  because,  as  a  matter  of  fact,  the 
low-pressure  compressors  work  most  of  the 
time  at  20  to  30  pounds,  but  there  are  many 
places  where  50  pounds  is  a  pressure  to  be 
constantly  maintained,  and  then  the  case  is 
worth  looking  into. 

Say  that  we  want  to  constantly  deliver  the 
air  at  50  pounds  in  any  ordinary  case,  taking 
it  in  at  60  degrees  and  compressing  in  a  single 
cylinder.  We  will  take  a  30-inch  diameter 
cylinder  at  400  feet  piston  speed.  The  free 
air  capacity  will  be  1,963  cubic  feet  per  min- 
ute, the  mean  resistance  for  the  compression 
stroke — adiabatic  compression — will  be  27.39 
pounds,  and  the  horse  power  required  will  be 


234.67.  It  is  not  necessary  to  say  anything 
here  about  the  friction  of  the  machine,  since  it 
will  be  ignored  equally  in  all  the  cases  cited; 
and  also  the  temperature  at  which  the  air  is 
delivered  does  not  interest  us,  so  that  the  given 
volume  of  free  air  goes  through. 

Now,  suppose  we  try  two-stage  compression 
in  the  case,  with  an  efficient  intercooler,  work- 
ing for  nothing,  between  the  stages.  The  dia- 
meter of  the  first  cylinder  and  the  piston  speed 
is  the  same  as  before,  giving  an  equal  free 
air  capacity.  We  compress  in  the  first  cylin- 
der to  25  pounds,  this  pressure  being  fixed  by 
the  relative  capacities  of  the  first  and  the  sec- 
ond cylinders  and  remaining  constant,  regard- 
less of  the  final  or  deliverA'  pressure.  The 
mean  resistance — adiabatic  compression — will 
be  17.01  pounds,  and  the  horse-power  will  be 

I43-74- 

If  the  air  is  then  cooled  to  the  original  tem- 
perature, the  pressure  being  maintained,  the 
reduced  volume  will  be  inversely  as  the  in- 
creased absolute  pressure — 40:15  or  8:3,  and 
for  the  second  cylinder  the  piston  area,  with 
the  same  stroke,  should  be  at  this  ratio,  which 
would  make  it  18^-inch  diameter.  The  M.  E. 
P.  for  the  second  compression  from  25  to  50 
pounds  would  be  20.84  pounds,  and  the  horse 
power  would  be  66.99,  say  67,  making  the  total 
145.74 -f- 67:=  212.74,  which  is  apparently  a 
saving  of  9  per  cent.  As  the  intercooler  would 
probably  not  cool  the  air  quite  to  the  original 
temperature,  and  as  the  friction  of  the  machine 
as  a  whole  would  be  slightly  increased,  the 
saving  would  probably  be  not  more  than  5  per 
cent,  at  the  best,  so  that  in  compressing  to  50 
pounds  it  is  doubtful  whether  two-stage  com- 
pression with  intercooling  would  not  "cost  as 
much  as  it  came  to." 

It  happens  that  the  great  majority  of  air 
compressors  in  use  work  at  higher  pressures 
than  this,  say  from  75  to  90  pounds,  this  being 
the  working  pressure  for  rock  drills  and  for 
most  of  the  air-operated  tools  of  the  shops.  It 
is  important,  therefore,  that  for  the  class  of 
compressors  most  numerously  employed  the 
minute  economies  be  investigated  and  that 
economies  not  absolutely  minute  be  adopted 
by  those  who  work  for  profit. 

With  the  same  cylinder  data  as  before,  30 
inch  diameter  and  400  feet  piston  speed,  the 
M.  E.  P.  in  compressing  adiabatically  to  75 
pounds  will  be  35.23  pounds  and  the  horse 
power  301.85. 
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Say,  now,  that  we  try  two-stage  compression 
on  the  same  job,  compressing  in  the  first  cy- 
linder to  30  pounds.  The  M.  E.  P.  for  this 
compression,  adiabatic,  will  be  19.4  pounds, 
and  the  horse  power  166.3.  For  the  second 
cylinder  the  diameter  would  be  17.32,  the  M. 
E.  P.  34.56,  and  the  horse  power  98.7,  making 
the  total  horse  power  166.3.  +  98-7  =  265.  Here 
the  difference  is  a  little  over  12  per  cent.,  which 
is  evidently  worth  saving,  and  if  you  don't 
save  all  of  it  you  save  a  couple  of  years  of  sav- 
ings bank  interest  anyway,  all  in  a  second  or 
less.  The  percentage  of  power  cost  of  single- 
stage  over  two-stage  compression,  with  perfect 
intercooling  in  this  case,  is  nearly  14  per  cent. 

To  compress  to  90  pounds,  single  stage,  the 
M.  E.  P. — adiabatic — would  be  39.18  pounds 
and  the  horse  power  335.71.  Using  the  same 
two-stage  cylinders  as  before  and  compressing 
to  90  pounds,  the  work  of  the  low-pressure 
cylinder  would  be  precisely  the  same  as  before 
and  the  horse  power  the  same,  166.3.  For  the 
high-pressure  cylinder,  compressing  from  30  to 
90  pounds,  the  M.  E.  P.  would  be  43.41 
pounds,  and  the  horse  power  123.97,  making 
the  total  horse  power  166.3  +  123.97  =  290.27, 
or  nearly  14  per  cent,  below  that  for  single- 
stage  compression,  while  in  terms  of  the  two- 
stage  compression  the  excess  of  horse  power 
for  the  single  stage  would  be  more  than  15J/2 
per  cent. 

The  gain  here,  all  for  nothing,  would  seem 
to  be  beyond  question,  and  this  for  the  com- 
mon every-day  working  pressures.  The  adop- 
tion of  the  two-stage  compressor  would  seern 
to  be  imperative  for  any  permanent  plant 
which  was  expected  to  do  its  work'  as  cheaply 
as  possible.  If  a  man  will  not  take  such  profits 
as  this,  which  offer  to  keep  dropping  into  his 
pocket  every  minute  his  compressor  is  in  oper- 
ation and  with  nothing  going  out,  you  don't 
have  to  even  oil  an  intercooler — it  can't  be 
profit  that  he  really  is  looking  for. 

With  the  intercooler  treating  its  employer  so 
generously,  the  employer  should  not  be  nig- 
gardly. The  intercooler  should  be  made  of 
liberal  capacity,  so  that  it  can  do  its  work 
leisurely  and  thoroughly,  and  customers  should 
not  be  educated  to  expect  to  get  the  intercooler 
for  next  to  nothing  because  its  work  costs 
nothing. 

The  intercooler  does  more  than  reduce  the 
horse  power  required  for  compression.  It  does 
much  to  remove  what  is,  in  some  cases,  the 


most  serious  objection  to  the  employment  of 
compressed  air.  Dry  air  can't  freeze  up,  and 
the  intercooler  helps  to  dry  the  air.  This  is 
the  special  function  of  the  -aftercooler.  There 
is  practically  no  such  thing  as  "dry"  air,  and 
the  dryness  of  air  is  always  comparative. 
When  the  air  is  at  its  highest  pressure,  which 
it  is  just  when  leaving  the  compressor,  if  it 
can  then  also  be  reduced  to  its  lowest  tempera- 
ture, its  moisture-carrying  capacity  will  be  at 
the  minimum.  It  will  be  wet  air;  so  wet  that 
the  water  will  be  dropping  out  of  it.  The 
water  should  here  be  given  every  chance  to 
drop  out,  and  when  further  along  its  pressure 
falls,  and  its  temperature  rises,  this  same  air, 
without  giving  up  another  drop  of  the  moisture 
that  is  in  it,  becomes  "dry  air,"  and  remains 
dry  air  while  in  use. 

If  the  air  ,with  the  heat  of  the  final  com- 
pression in  it,  is  not  cooled,  and  thus  dried 
before  it  starts  on  its  journey  through  the 
pipes,  it  will  begin  dropping  the  water  out  of  it 
as  it  goes  along,  and  it  will  be  "wet  air"  in- 
stead of  dry  air  all  the  way.  In  freezing 
weather  in  out-of-door  work,  as  in  quarries, 
the  moisture  will  freeze,  little  by  little,  to  the 
interior  of  the  pipe  and  soon  choke  it  up,  or 
some  of  the  ice  will  be  carried  along  to  an 
elbow  or  to  some  depression  or  pocket  and 
form  a  solid  obstruction  there.  One  pecu- 
liarity about  ice  is  that  when  two  pieces  or 
particles  come  together,  no  matter  what  the 
temperature  surrounding  them,  ai'd  without  be- 
ing forcibly  pressed  together,  they  freeze  to- 
gether solid.  There  are  always  meeting-places 
for  the  ice  particles  in  the  pipes  and  passages, 
and  there  they  solidify  and  trouble  follows. 
When  the  moisture  is  not  in  the  air  the  air 
can't  freeze  up,  and  nothing  can  be  choked  by 
ice.  In  weather  that  is  not  freezing,  the  mois- 
ture which  is  in  excess  still  makes  constant 
trouble.  It  collects  in  low  places  and  then  it 
starts  in  a  body,  and  we  have  water-hammer 
and  leaky  joints.  The  changes  in  temperature 
in  the  pipes  from  the  alternate  hot  and  cold 
condition  of  their  contents  when  the  air  is  not 
cooled  at  the  compressor,  make  expansion  and 
contraction  strains  in  the  pipes,  which  result 
in  leaks,  if  not  breakages,  of  the  line. 

One  most  serious  effect  not  generally  real- 
ized in  the  rock  drills  or  other  tools  or  ma- 
chines which  the  air  is  used  to  drive  is  in  the 
interference  with  the  lubrication.  It  is  gen- 
erally understood  that  oil  and  water  will  not 
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mix,  but  all  the  consequences  of  this  are  not 
realized.  It  means  that  whether  oil  or  water 
first  occupj--  the  surfaces  (the  internal  sur- 
faces) of  a  machine,  the  other  is  effectually 
excluded  from  those  surfaces,  so  that  when 
the  moisture  of  saturated  air  condenses  upon 
surfaces  requiring  lubrication,  the  oil  can't  get 
at  those  surfaces,  and  lubrication  is  defeated. 
The  surfaces  wear  or  cut,  and  while  they  are 
working  the  drills  take  more  power  to  drive 
them  on  account  of  the  abnormal  friction. 

All  these  troubles  with  uncooled  air  are 
matters  of  repeated  and  constant  experience, 
and  the  beneficent  effects  of  immediate  and 
thorough  aftercooling  and  drainage  of  the  air 
at  the  compressor  are  also  matters  of  evidence 
and  record.  Even  though  the  work  of  the 
aftercooler  can't  be  paid  for — there  is  no  place 
to  spend  the  money  on  it  after  you  have  it- 
its  service  cannot  be  dispensed  with  without 
constant  loss.  Money  is  often  lost  by  unwise 
purchases,  but  in  this  case  the  loss  would  be 
in  not  buying  the  aftercooler. 


THE    LATTA-MARTIN    PNEU- 
MATIC DISPLACEMENT 
PUMP 

The  compressed  air  displacement  pump  is 
coming  more  and  more  into  general  favor 
owing  to  the  fact  that  it  is  absolutely  auto- 
matic in  its  operation  and  will  operate  ef- 
ficiently at  almost  any  distance  from  the  source 
of  power,  thus  permitting  of  several  pumps 
being  installed  in  different  places  and  operated 
from  a  central  compressed  air  power  plant. 
Among  other  advantages  possessed  by  this 
type  of  pump  should  be  mentioned  the  fact  that 
it  will  handle  muddy  or  gritty  water  without 
in  any  way  impairing  its  efficiency,  owing  to 
the  fact  that  it  possesses  no  pistons,  plungers, 
stuffing  boxes,  glands  or  other  parts  in  its 
mechanism  which  might  be  injured  thereby. 

In  addition  to  the  advantages  enumerated 
above,  the  Latta-Martin  Pneumatic  Displace- 
ment Pump  possesses  some  qualities  which 
place  it  in  advance  of  other  types  of  com- 
pressed air  displacement  pumps.  Chief  among 
these  is  the  fact  that  it  contains  no  floats,  which 
have  always  been  a  source  of  trouble  in  other 
pumps  of  this  type. 

The  cross-sectional  view  shown  in  Fig.  i 
illustrates  very  clearly  the  details  of  the  con- 
struction and  operation   of  the   Latta-Martin 


Pump.  In  general  the  pump  consists  of  tv,'a 
plain  cylinders  with  a  valve  mechanism  attached 
to  their  heads.  This  mechanism  comprises  a 
main  valve  and  an  auxiliary  valve,  shown  in 
detail  sections,  each  operated  by  the  air  pis- 
tons, and  an  oscillating  slide  valve.  A,  under 
the  main  valve.  B  and  B  are  plain  covered 
copper  buckets  which,  when  the  pump  is  in- 
stalled, become  and  remain  full  of  water.  Par- 
ticular attention  is  called  to  the  fact  that  these 
are  not  floats,  the  buckets  being  suspended  on 
steel  rods  connected  to  steel  levers  which 
operate  the  oscillating  slide  valve  A.  The 
buckets  are  enclosed  in  galvanized  iron  hous- 
ings, C  and  C,  which  are  connected  to  a  header 
on  top  of  the  cylinders  by  pipes  E  and  E. 

The  operation  of  the  pump  is  as  follows : 
When  it  is  submerged  in  water,  the  cylinders 
at  once  fill  by  gravity  through  the  foot  valves, 
R  and  R.  The  main  valve  mechanism,  as- 
shown  in  the  detail,  operates  the  slide  valve  A2, 
and  opens  and  exhausts  at  proper  intervals  the 
live  air  ports  J  and  K.  For  instance,  in  start- 
ing the  pump  live  air  travels  down  through  the 
air  inlet  S  into  the  open  port  J  and  into  the 
left  hand  cylinder,  which  is  full  of  water.  This 
compressed  air  forces  the  water,  by  displace- 
ment, down  and  out  through  the  discharge  O, 
up  through  the  check  valve  P,  and  into  the 
water  main  at  Q.  When  the  water  has  been 
forced  from  the  left  hand  cylinder  down  to  a 
level  slightly  above  the  opening  O,  the  bucket; 
B,  which  is  full  of  water,  is  supported  only  in 
a  column  of  air,  while  the  bucket  in  the  op- 
posite cylinder  on  the  other  end  of  the  lever  is- 
immersed  in  water  and  therefore  weighs  almost 
nothing.  The  bucket  in  the  left  hand  cylinder 
then  becomes  a  dead  weight,  pulls  down  the  rod 
and  lever  to  which  it  is  attached  and  operates 
the  slide  valve  A,  which  throws  live  air  through 
port  F  and  F'  to  one  end  of  the  auxiliary  piston 
L.  At  the  same  time  A  opens  an  exhaust  port 
from  the  opposite  end  of  auxiliary  piston  L, 
through  port  G'.  The  piston  L  moves  its  slide 
valve,  which  throws  live  air  through  port  I  and 
r  to  one  end  of  the  piston  in  the  main  valve  M. 
At  the  same  time  it  opens  exhaust  port  H  and' 
H'  from  the  opposite  end  of  the  main  piston  in 
M.  The  latter  carries  with  it  the  slide  valve 
A-2,  which  crosses  the  port  J,  and  exhausts  the 
compressed  air,  which  has  done  its  work  in  the 
left  hand  cylinder,  and  throws  live  air  into  the 
right  hand  cylinder  through  the  port  K,  while 
the  exhaust  from  the  other  cylinder  passes  out. 
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through  the  exhaust  fittings  T  and  1".  While 
air  has  been  forcing  water  from  the  right  hand 
cyHnder  the  left  hand  cylinder  has  been  ex- 
hausted and  has  become  full  of  water  by  grav- 
ity through  the  foot  valve  R,  the  operation 
taking  place  alternately  between  each  cj'linder, 
giving  a  continuous  flow  of  water. 

Attention  is  called  to  the  accessibility  of  the 
valve  mechanism  for  repairs.  By  removing  the 
bolts  around  the  header  on  top  of  the  cylin- 
ders, as  shown  in  Fig.  i,  the  entire  valve 
mechanism,  together  with  housings  and  buckets, 
may  be  removed  without  disconnecting  any 
water  fittings.    It  will  be  appreciated  that  there 


ing  its  water  supply  from  the  South  Fork  River, 
at  a  distance  of  three  miles  from  the  power 
plant,  which  is  located  inside  the  city  limits 
on  the  line  of  the  railroad,  using  a  3-inch 
transmission  line,  and  the  displacement  pump 
at  the  river  forces  back  to  the  city  a  lo-inch 
stream  of  water  against  a  total  head  of  320 
feet.  This  installation  gives  one  of  the  longest 
and  most  severe  tests  of  transmitting  air  for 
pumping  purposes  that  has  ever  been  made.  It 
has  now  been  in  operation  for  about  a  year 
and  is  giving  most  satisfactory  results.  By  it 
the  city  has  been  able  to  eliminate  establishing 
a  pumping  plant  at  the  river  and  so  save  the 
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is  no  possibility  of  the  pump  getting  on  dead 
center  and  that  it  is  capable  of  handling  the 
muddiest  and  grittiest  water,  as  all  valves,  in- 
cluding the  oscillating  slide  valve,  never  come 
in  contact  with  the  water.  The  absence  of  wear 
inside  the  cylinders  is  also  to  be  noted,  where 
there  are  no  working  parts  except  the  buckets, 
and  these  do  not  touch  or  come  in  contact  with 
the  housings  within  which  they  operate.  Long 
life  is  insured  from  the  fact  that  the  travel  of 
the  buckets  is  but  2  inches,  travel  of  main  slide 
valve  2  inches,  auxiliary  valve  i  inch  and  os- 
cillating slide  valve  '/S  inch  per  stroke,  .^t  the 
highest  speed  at  which  these  pumps  are  operat- 
ed this  stroke  does  not  take  place  over  six 
times  per  minute. 

An  installation  of  such  an  equipment  has 
been  made  for  the  water  works  system  of  the 
city  of  Hickory,  N.  C.  With  it  the  city  is  pump- 


cartage  of  fuel  to  that  point  and  the  neces- 
sity of  keeping  a  machinist  at  the  river.  The 
water  system  is  now  arranged  so  that  the  sub- 
siding and  filter  basins  and  clear  water  well 
are  all  located  at  the  power  plant  inside  the 
city  limits,  requiring  only  the  services  of  one 
day  man  and  one  night  man  to  run  the  entire 
plant. 

The  pneumatic  displacement  pumps  are 
manufactured  hy  the  Latta  &  Martin  Pump 
Company,  Hickory,  N.  C.  The  eight  standard 
sizes  range  in  capacity  from  25  gallons  per 
minute,  under  a  pressure  of  130  pounds,  to 
1300  gallons  per  minute  at  90  pounds.  The 
smallest  has  cylinders  14  inches  in  diameter  by 
36  inches  high,  and  the  largest  48  inches  in 
diameter  by  60  inches  high.  The  pumps  arc 
made  to  order,  for  any  capacity  and  any 
pressure. 
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CLEARANCE   IN  A    COMPRESSOR, 
AND  ITS  RELATION  TO  VOL- 
UMETRIC EFFICIENCY 

By   D.   W.   Hering. 

In  any  list  of  the  merits  and  demerits  of  dif- 
ferent types  of  compressors,  one  of  the  defects 
is  waste  space  or  clearance.  By  this  is  meant 
the  space  between  the  piston  at  the  end  of  the 
stroke  and  the  tank  or  pipes  containing  the 
air  at  its  final  pressure.  It  consists  of  a  short 
space  between  the  piston  and  the  cylinder  head 
when  the  stroke  is  completed,  and  a  small 
necessary  space  required  for  the  placing  and 
working  of  the  valves.  Small  as  this  space 
is  in  fact,  being  in  well  constructed  com- 
pressors from  one-fifth  of  one  per  cent,  to  one 
per  cent,  of  the  entire  volume  of  the  cylinder, 
it  interferes  somewhat  with  the  volumetric 
efficiency  of  the  compressor,  and  the  more  so 
if  high  pressure  is  required. 

In    machines    of    inferior    construction    the 
clearance   is  larger  and  the   efficiency  is  cor- 
respondingly diminished.     If  the  piston  must 
nearly  complete  its  traverse  before  the  requi- 
site pressure  is  reached,  it  is  evident  that  the 
portion  of  the  compressed  air  in  the  clearance 
space  will  be  a  considerable  part  of  the  whole, 
and  only  the  remainder  will  be  delivered  to  the 
reservoir.     Effective  cooling  of  the  air  within 
the   compressor  cylinder   aggravates   this   evil, 
for  the  colder  the  air  the  smaller  will  be  the 
total  volume  when  the  maximum  compression 
in    the    cylinder    is    accomplished,    while    the 
volume  of  air  in   the   clearance  is  not  dimin- 
ished,  and   therefore   this   is   a   larger  propor- 
tion of  the  whole  when  cold  than  when  hot.   It 
is  plain,  too,  that  a  large  clearance  space  might 
result  in  no  air  being  forced  out  of  the  com- 
pressor cylinder  even  with  moderate  compres- 
sion.     In    cylinders    of    ordinary    proportions, 
compressing  to   seventy-five  pounds   gauge,  if 
the  space  between  the  piston  and  the  head  at 
the  end  of  the  stroke  is  one-si.xteenth  of  an 
inch,  the  clearance  loss  of  volume  is  from  one 
to  five  per  cent,  of  the  air  when  compressed.* 
The     only     real     objection     to    the     clearance 
space,  however,  is  this  of  diminished  quantity 
of  air  delivered,  and  not,  as  has  been  some- 
times supposed,  a  waste  of  power,  for  the  work 
expended  upon  the  air  in  the  clearance  is  re- 
turned by  it  in  expanding  against  the  receding 
piston.     In  an  extreme  case,  where  the  maxi- 
mum  pressure   would  be   reached  just   at  the 
end  of  the  stroke   and  no  air  would  be   de- 
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livered,  the  re-expanding  air  would  return  all 
the  power  applied  except  that  necessary  to 
overcome  the  frictional  and  thermal  losses,  and 
the  machine  might  run  along  continuously  with 
little  power  applied,  with  considerable  com- 
pression within  the  cylinder,  and  with  nothing 
accomplished.  With  some  cooling  of  the 
cylinder,  the  air  in  expanding  might  fall  in 
temperature  below  that  of  the  external  air  and 
so,  in  some  degree,  cool  the  incoming  air, 
which  would  be  an  advantage  by  lessening  the  , 
work  of  compression. 

When  the  piston  has  moved  to  its  furthest 
position  in  compressing  and  expelling  the  air 
within  the  cylinder,  the  clearance  space  will 
contain  air  at  the  maximum  pressure.  Upon 
the  return  of  the  piston  the  air  in  the  clear- 
ance space  expands  until  its  pressure  is  equal 
to  that  of  the  external  air  or  slightly  less, 
before  more  air  will  enter  the  cylinder.  The 
ratio,  in  hundredths,  of  the  volume  of  the 
clearance  space  to  that  swept  through  by  the 
piston  in  moving  from  one  end  of  the  cylinder 
to  the  other,  expresses  the  amount  of  clear- 
ance in  per  cent.  In  discussing  this  subject 
we  may  follow,  in  part  at  least,  the  method  of 
Von  Ihering.  ** 

Calling  the  volume  of  the  clearance  space 
Vc  ,  that  of    the  piston  displacement    Fk  ,  and 

the    clearance    C,   we  have  C= ,    or    Vc  = 

K 
CK    (A) 

In  the  accompanying  diagram  (Fig.  i), 
taking  as  usual,  horizontal  distances  to  repre- 
sent volumes,  and  vertical,  pressures. 

Fig.  I. 
Let  AE  =   Va  =  volume  of  piston  stroke. 
EM  ==  CVa  =  volume  of  clearance, 
FM  =   V^c  =  volume     to     which     air    in 
clearance     space     expands     as    piston    returns 
towards  A,  when  pressure  falls  to  /"a, 

AB  =  /"a  =  pressure  of  the  atmosphere, 
ED  =  /•,  =  maximum    pressure   in   clear- 
ance. 

AF  =   rx=  volume     of     air     drawn    into 
cylinder. 

Then  BCC  represents  the  compression 
curve,  DG  the  expansion  curve  from  a  maxi- 
mum pressure  of  ED  in  clearance,  and  D'G' 
the  expansion  curve  if  the  maximum  pressure 
in  clearance  were  equal  to  ED'.  The  higher 
the  pressure  of  expulsion,  i.  e.,  the  ordinate  of 
C  or  D,  the  nearer  G  approrches  B,  or  V^ 
approaches  zero.  Further,  when  the  piston 
**Die  Gablaese.  Part  II.  Chap.  IV. 
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begins  to  recede,  let  P^c  be  the  volume  of  air 
in  the  clearance  space,  Pi  its  pressure,  Ti  its 
temperature ;  and  at  the  end  of  its  expansion 
suppose  Vc  has  changed  to  l^^c  ,  Pi  to  P  a,  and 
Ti  to  T^i  . 

The  volume  to  which  the  air  will  expand 
will  depend  upon  whether  the  expansion  is 
isothermal,  i.  e.,  with  no  change  of  temper- 
ature; or  adiabatic,  i.  e.,  with  no  gain  or  loss 
of  heat;  or  intermediate  between  these, 
which  we  call  polytropic. 

(i)  Suppose  the  expansion  to  be  isother- 
mal. Then  Zj  =  T'l  ,  and  by  Boyle's  law 
the   product   of   pressure   and   volume   at   the 


r    M 


beginning    of    expansion    equals    the    product 

of  volume  and  pressure  at  the  end,  or  /"i  Vc 

^Pa.  V'c  ,  whence,  if  we  call  the  ratio  of  com- 

P\                                              Px 
pression  =  r,  we  have    Vc'  = V^^   = 

rCV^ (B) 

The  volume  of  new  air  that  will  be  drawn 

into    the    cylinder    is    the    difference    between 

Fa  and   V'c  ,  which  we  may  call   Fx  ;  then 

Vol.  of  Vol.  of  Vol.  to  which  New  air 

piston       +       clear-        =    air    in    clear-    +        to  fill 
sweep  ance  ance  expands  cylinder 

Fa    +     CFa    =   F'c    +   Fx 

Whence,    Vy,  =    Fa  (/  +  C)  V^  —   V'c  which 
becomes,  by  introducing  the  value  of  V^c  from 
equation  (B), 
Fx   =   Fa    r/  +  C  -  rC)  =  r;    \_1  —  C(r  — 

2)^ (C) 

The  volumetric  efficiency  is  the  ratio  which 


the    volume    of   air    admitted    at    each    stroke 
bears    to    the    actual    volume    traced    bv    the 

piston,  or .    Calling  this  ratio  Ey  ,  we  have 

from   equation    (C) 

£v=  I—  C{r  —  2) (D) 

£v  may  be  anything  from  unity,  which 
would  be  its  value  if  there  were  no  clearance 
and  no  leakage  with  free  admission  of  air, 
to  zero,  when  no  air  w-ould  be  driven  from 
the  compressor  into  receivers,  at  the  maxi- 
mum pressure.  In  this  latter  case  the  air 
would  re-expand  so  as  just  to  fill  the  com- 
pressor cylinder  when  its  pressure  fell  to  that 
of  the  external  air.  No  new  air  would  be 
taken  in,  or  Fx  =  O.  From  equation  (D) 
we    see    that    this  would  be  the  case,  or  A\.  = 

1 
O.    \l    1    —    C  (r    —   7;  =  C,  or  C  =  


r  —  1 
....(E) 


7  +    C        1 
and  r  ^ =  —  +7 

c         c 

From  this  equation  we  may  see  at  what 
ratio  of  compression,  with  a  given  clearance 
C ,  a  compressor  will  cease  to  deliver  air,  and 
from  equation  (D)  we  may  determine  the 
ratio  of  compression  that  will  result  in  de- 
livering any  stated  proportion  of  air.  For  in- 
stance, if  C  =  .02,  equation  (E)  shows  that 
r  =  51,  and  if  C  ^  .05,  r  =  21,  and  in  this 
latter  case  it  would  be  useless  with  this  com- 
pressor to  try  to  get  air  at  a  pressure  of  21 
atmospheres,   or  294   pounds   gauge   pressure. 

To  find  at  what  ratio  of  compression  a  defi- 
nite fractional  part  of  the  volume  of  the  piston 
sweep  would  be  delivered  at  each  stroke,  put 
Ey  equal  to  this  fraction,  in  equation  (D) 
and  solve  for  r.  Suppose,  for  example,  that 
with  a  clearance  of  five  per  cent,  we  wish  to 
know  how  high  a  pressure  we  could  main- 
tain with  a  volumetric  efficiency  of  fifty  per 
cent.  Here  C  =  .o^,  Ey  —  V  and  equation 
(D)  gives  r  =  II ;  »'.  e.,  the  air  may  be  com- 
pressed eleven  fold,  or  to  147  pounds  gauge 
pressure  if  it  is  initially  at  standard  pressure 
of  14.7  pounds  per  square  inch.  In  such  case 
it  would  require  two  strokes  of  the  piston  for 
every  cylinder  full  of  free  air  delivered  under 
pressure,  and  the  process  would  be  corre- 
spondingly slow. 

If  the  ratio  of  compression,  r,  and  the 
clearance  C,  are  both  determined  in  advance, 
then  equation  (D)  gives  at  once  the  volumet- 
ric   efficiency.      With    a    high    grade    machine 
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suppose  the  clearance  is  one-half  of  one  per 
cent.  :  /.  e.  C  =  ^oc'  ^"^  the  air  is  to  be  com- 
pressed to  14.6  atmospheres,  i.  e.,  r  =  14.6,  or 
the  linal  pressure  is  to  be  200  pounds  gauge; 
equation  (D)  gives  E^-=  .932  or  93.2  %. 

These  equations  and  results  are  on  the 
supposition  that  expansion  in  the  cylinder  is 
isothermal.  As  the  air  expanding  against 
pressure  would  fall  in  temperature,  the  ex- 
pansion could  not  be  isothermal  unless  the 
air  underwent  some  heating  while  expanding. 
But  in  practice  not  only  does  this  not  occur, 
but  with  a  water  jacketed  cj'linder,  whatever 
effect  the  jacket  has  in  cooling  applies  on  the 
expansion  side  of  the  piston  as  well  as  on  the 
compression  side. 

(2)  Suppose  the  expansion  to  be  adiabatic : 
We  may  derive  similar  formulas.  Using  the 
same  notation  as  before, 

p^  Vc  =  RT^  and  P^  V'c  =  RT^  ,  where  R 
is  Regnault's  constant  whose  value  is  53.2  if 
pressure  is  pounds  per  square  foot,  volume  is 
cubic  feet,  and  temperature  is  in  Fahrenheit 
degrees.  Of  course  where  ratios  of  pressures 
or  volumes  or  temperatures  are  concerned  it 
does  not  matter  in  what  units  they  are  ex- 
pressed.    From  these  two  equations   we  have 

/'.  Vc         T,  P,  T\ 

= and  V    = Vc  .  in  which 

Fc  =  CTa      From  the  thermodynamics  of  gases 
in    which    k  is  the   adia- 


H-e;-) 


batic  exponent  1 .41:  hence  I 


■'-"■' (?1) 


=  CV3.  r  0.-0  92 
Also,  as  before,  V^  +  CV^  =  V'c  -h  Fx 

whence  W  =  (1  +  C)  Fa  -  V'c 
=  (1  ^  C)  Fa  —  CFa  r ' 


or    Fx  =    Fa 


I/-  C(;-'-/)| 


(F) 


This  gives  for  volumetric  efficiency. 

Fx 
E. 1  —  C  (r^  —  1)   (G) 

V„ 
The  values  of  E^,  approaches  unity,  its  highest 
possible    value,    as    C  and  r  become   smaller, 
^"v^become  zero  if 

1  —  C(r  I  —  1)  =  0        or        r  k  =  


whence  r  = 


-m 


C 


The  similarity  of  equations  (F),  (G),  and 
(H).  with  equations  (C),  (D),  and  (E)  is 
readily  apparent.  Apply  them  to  the  former 
example,  with  a  clearance  of  two  per  cent., 
equation  (H)  gives  r  =  255.6  and  with  C  ^^ 
.05,  r  :=  73.17  as  the  limiting  ratios  of  com- 
pression at  which  anj'  air  would  be  forced 
into  a  receiver.  For  the  pressure  under 
which  this  compressor  with  five  per  cent, 
clearance  would  deliver  one-half  of  the  cylin- 
der contents  at  each  stroke,  by  putting  E^  in 
equation  (G)  equal  to  5/2,  we  find  ;■  =  2^.3, 
which  corresponds  to  a  gauge  pressure  of  416 
pounds  per  square  inch.  If  the  compressor 
has  a  clearance  of  only  1-200  part,  and  the 
compression  is  carried  to  200  pounds  gauge, 
/.  c  ;  =  14.6,  the  volumetric  efficiency  shown 
by  equation  (G)  is  Ey^  0.972  or  97.2  %.  In 
like  manner  values  could  be  computed  for  any 
per  cent,  of  clearance,  or  any  ratio  of  com- 
pression. 

{To   he  concluded.) 


(H) 


THE  EFFICIENCY    OF   THE  TUR- 
BINE AIR  COMPRESSOR 

Some  highly  interesting  results  have  been 
obtained  with  a  Rateau  air  compressor,  built 
at  Baden  by  Messrs.  Brown,  Boveri  &  Co. 
A  description  of  the  plant,  with  the  figures  ob- 
tained on  test,  is  given  in  a  recent  issue  of  the 
Schweizerische  Bauseituiig.  The  compressor 
in  question  was  designed  to  supply  one  cubic 
metre  (35.3  cubic  feet)  per  second,  at  a  pres- 
sure of  5  atmospheres,  when  running  at  4,000 
turns  per  minute.  Actually  it  was  found 
necessary  to  increase  the  speed  to  4,250  turns 
per  minute  in  order  to  get  the  desired  pres- 
sure, and  the  discharge  was  then  1.13  metre 
per  second  (2,394  cubic  feet  per  minute).  The 
air  passed  through  the  machine  was  measured 
by  making  the  compressor  draw  its  supply 
from  a  large  reservoir.  The  air  entered  this 
through  a  gauged  orifice,  the  amount  passed 
being  deduced  from  the  pressure  registered 
by  a  water-gauge  fitted  to  -the  reservoir.  The 
result  thus  obtained  is  said  to  be  correct  to 
within  I  per  cent.  The  efficiency  was  meas- 
ured in  two  ways.  First,  by  the  ratio  of  the 
work  theoretically  necessary  to  draw  in,  com- 
press and  deliver  the  air  under  the  actual  con- 
ditions of  the  test,  to  that  actually  expended 
on  the  compressor  shaft.  Reckoned  in  this 
way,  the  efficiency  was  69.8  per  cent.  In  many 
practical     applications,     however,      the     com- 
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pressed  air  is  necessarily  cooled  down  to  at- 
mospheric pressure  again  before  it  is  made 
use  of.  Hence  the  efficiency  of  this  compres- 
sor has  also  been  reckoned  on  the  basis  of  the 
ratio  of  the  work  necessary  to  compress  the 
air  isothermally  to  that  actually  expended. 
Thus  reckoned,  the  efficiency  amounted  to  61.5 
per  cent. ;  a  figure  which,  it  is  asserted,  has 
never  been  surpassed  by  a  reciprocating  com- 
pressor in  which  the  measurements  have  been 
made  with  due  care.  Too  commonly  in  testing 
reciprocating  compressors  the  quantity  of  air 
passed  is  estimated  from  the  indicator  dia- 
gram. Tests  made  by  quite  independent  and 
competent  observers  have  shown  that  the 
error  thus  made  may  range  between  4  and  10 
per  cent.  When  due  account  is  taken  of  this 
fact,  it  is  claimed  that  the  turbine  compressor 
s  fully  as  efficient  as  the  best  of  the  recipro- 
cating compressors  if  the  air  after  compres- 
sion has  to  be  permitted  to  cool  before  it  is 
utilized. 


DUPLEX    AIR    COMPRESSORS 

BY   TECUMSEH    SWIFT. 

I  am  tolerably  familiar  with  '"write-ups", 
and  there  seems  to  be  a  plenty  of  them,  and 
I  understand  pretty  well  the  why  of  them. 
Just  now  I  am  anxious  to  find  nut  about 
"write-downs";  what  they  are  for  and  what 
is  intended  to  be  accomplished  by  them. 

The  cut  herewith,  which  I  have  seen  lately 
in  more  than  one  technical  journal  accompan- 
ies and  is  intended  to  illustrate  and  explain 
a  "write-down"  of  the  duplex  air  compressor. 
It  is  a  wonder  to  me  in  the  first  place  that  any 
one  could  write  such  a  thing  and  in  the  sec- 
ond place  that  it  could  appear  on  the  page  of 
a  reputable  and  well-informed  journal ;  but 
there  it  is. 

I  might  as  well  speak  straight  out  what  1 
think  about  the  matter.  The  article  from 
which  the  above  cut  is  taken  is  not  signed  and 
nobody  apparently  is  responsible  for  it,  ex- 
cept as  the  editors  endorse  it  by  publication, 
hut  it  seems  to  be  put  out  in  the  supposed  in- 
terest of  builders  of  air  compressors  which 
are  not  duplex,  the  assumption  apparently  be- 
ing that  anything  derogatory  to  the  duplex 
is  necessarily  an  endorsement  of  the  straight 
line,  or  any  other  old  machine. 

Those  who  are  familiar  with  the  best  air 
compressor  practise  of  the  day,  do  not  need 
to  be  told  that  in  all  the  large  and  more  or  less 


permanent  installations  of  air  compressors, 
and  in  all  plants  where  the  best  steam  econ- 
omy and  the  most  absolute  reliability  of  serv- 
ice are  sought,  the  air  compressors  employed 
are  precisely  those  which  are  attacked  in  the 
article  here  referred  to:  Corliss  cross  com- 
pound   condensing   machines. 

Of  the  80  air  compressors  now  running  day 
and  night  upon  the  tunnel   and  railroad  work 


3060 


in  and  around  New  York  city,  most  of  them 
;ire  of  this  type.  It  has  been  recently  com- 
puted— the  figures  can  be  produced —  tliat  one 
of  these  compressors — Corliss  cross-compound 
condensing — in  its  economy  of  steam  as  com- 
pared with  the  steam  consumption  of  Meyer 
slide    valve,    straight    line    compressors,    con- 
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siderably  more  than  pays  for  itself  in  a  single 
year. 

The  cut  herewith  is  said  to  represent  the  six 
different  types  of  duplex  air  compressors  with 
compound  air  compression.    These  are: 

1.  Twin    tandem    compound    air    cylin- 

ders and  twin  simple  steam   cyl- 
inders. 

2.  Twin    tandem    compound    air   cylin- 

ders  and  twin  tandem  compound 
steam  cylinders. 

3.  Twin    tandem    compound    air    cylin- 

ders   and    cross-compound    steam 
cylinders. 

4.  Cross-compound    air    cylinders    and 

twin  simple  steam  cylinders. 

5.  Cross-compound    air    cylinders     and 

twin     tandem     compound     steam 
cylinders. 

6.  Cross-compound    air    cylinders     and 

cross-compound  steam  cylinders. 
The  collection  either  indicates  that  the  com- 
piler is  not  accurately  formed  as  to  air  com- 
pressor practise  or  it  must  be  taken  as  a  fine 
example  of  the  ingeniously  disingenuous. 
These  six  different  combinations  are,  of 
course,  all  possible,  and  samples  of  each  may 
have  been  built,  but  we  are  talking  here — ■ 
or  what's  the  use  of  talking  at  all — rather 
about  the  actual  machines  of  the  present  and 
the  immediate  future,  about  machines  now  to 
be  built  and  sold;  and  who  would  build,  or 
who,  sufficiently  informed,  would  buy  duplex 
machines  with  tandem  compound  cylinders 
either  steam  or  air,  four  cylinders  to  do  the 
work  of  two,  or,  as  in  No.  2,  eight  cylinders 
to  do  the  W'Ork  of  foun  We  have  to  do,  there- 
fore, only  with  No.  4  and  No.  6.  as  represent- 
ing the  now  possible  machines. 

One  charge  made  in  all  apparent  serious- 
ness against  the  duplex  machines  is  that  if  any 
part  of  a  machine  is  so  deranged  as  to  make 
stoppage  necessary,  the  entire  machine  must 
stop.  Is  not  this  equally  true  of  all  straight 
line  machines?  If  the  steam  cylinder  gives  out 
the  air  cylinder  can't  run.  If  one  connecting 
rod  box  heats  up  and  melts  the  babbitt  out, 
you  can't  run  with  the  other  rod. 

The  duplex  machine  is  a  single  machine,  as 
much  so  as  the  straight  line  machine,  except 
that  it  is  usually  a  larger  unit.  The  duplex 
machine  often  represents  the  capacity  of  three 
or  four  straight  line  machines,  and  for  prob- 
ability of  stoppage  for  repairs  or  replacement, 


the  one  is  properly  only  comparable  with  three 
or  four  of  the  other,  instead  of  with  a  single 
one. 

Not  long  ago  I  was  privileged  to  make  a 
tour  of  all  the  compressor  plants  employed  on 
tunnel  and  railroad  work  in  and  around  New 
York,  where  the  80 — the  precise  number — of 
compressors  spoken  of  are  running,  and  not 
one  of  these  machines  was  out  of  order  or  un- 
dergoing repairs.  Nearly  everyone  was  run- 
ning up  to  or  above  its  full  rated  capacity,  and 
every  one  not  so  running  was  ready  to  start 
at  any  moment  if  required. 

This  talk  about  the  probability  of  stoppage 
for  breakdown  or  derangement  might  well 
originate  with  the  builders  of  an  inferior  line 
of  compressors,  it  being  their  familiar  exper- 
ience; but,  as  a  matter  of  fact,  while  the  work 
of  the  air  compressor  is  onerous  the  standard 
machines  are  built  to  meet  the  conditions,  and 
breakdowns,  derangements  and  stoppages  for 
repair  are  much  more  frequent,  and,  in  the 
bulk,  much  more  costly  for  the  common 
straight  line  than  for  the  high  class  duplex 
machines. 

"The  generally  observed  friction  of  the  du- 
plex machines,"  it  is  said,  "exceeds  by  about 
S  per  cent,  the  friction  of  two  machines  work- 
ing separately."  I  understand  that  the  capac- 
ity of  the  two  machines  here  referred  to  is 
equal  to  that  of  the  one  duplex  machine.  As 
to  the  friction  of  the  machines,  everybody  ex- 
cept the  writer  of  the  above  knows  that  pre- 
cisely the  reverse  is  true.  Richard's  "Com- 
pressed Air"  says  that  the  friction  of  large 
Corliss  duplex  machines  is  often  less  than  5 
per  cent.,  while  that  of  straight  line  compres- 
sors is  seldom  less  than  10  per  cent.,  conclu- 
sions deduced  from  numerous  sets  of  indicator 
cards  and  which  have  gone  unchallenged  for 
ten  J  ears. 

"For  any  given  output  of  air  they  are  more 
expensive  in  first  cost  and  up  keep.''  This, 
too,  is  misleading  and  as  to  the  up-keep  un- 
true. The  machine  represents  a  little  more 
expense  at  the  beginning  to  make  a  larger  profit 
all  along.  The  larger  cost  of  the  compressor 
is  largely  offset,  anyway,  by  the  smaller  boiler 
cost. 

It  is  not  necessary  to  reproduce  here  the 
plans  of  the  straight  line  compressors  which 
accompanied  the  others  to  show  how  much  less 
floor  space  is  occupied  by  the  straight  line 
m.achine.     These  machines  are  not  planted  in 
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Wall  Street,  but  usually  where  land  costs 
nothing  and  roofs  and  floors  but  little.  The 
habit  which  the  duplex  machines  have  of  in- 
sisting upon  sufficient  floor  space  to  make 
every  part  of  the  machine  perfectly  access- 
ible when  in  operation,  and  for  gettin;?  or 
taking  out  any  part  without  disturbing  the 
rest,  is  one  of  the  best  things  about  them.  The 
straight  line  machines  are  crowded  together 
and  internally  inaccessible  enough  at  the  best, 
and  the  way  in  which  they  consent  to  be  stuck 
away  in  dark  and  dirty  corners,  inviting  con- 
tempt and  neglect  is  a  most  deplorable  charac- 
teristic. I  do  not  willingly  say  anything 
against  the  straight  line  machines  of  any  make, 
for  they  have  been  the  pioneers  and  have  done 
excellent  work  in  promoting  and  establishing 
the  compressed  air  industries,  but  the  ma- 
chine of  to-day  is  also  to  be  respected,  and 
certainly  deserves  to  be  protected  from  mis- 
%  leading  misrepresentation.  It  may  be  well  to 
remember  that  a  "write-down"  of  any  ma- 
chine is  not  usually  a  "write-up"  of  any  other. 


A    NEW    METHOD    RE-HEATING 
COMPRESSED    AIR  FOR  USE 
IN  TORPEDOES 

Re-heating  compressed  air  for  the  purpose 
of  increasing  its  volume  and  so  enabling  it  to 
do  more  work  than  would  be  possible  if  it 
were  cold,  has  been  practiced  for  a  number  of 
years.  It  is  only  recently,  however,  that  this 
system  has  been  applied  to  torpedoes,  and  this 
invention,  patented  by  William  Horace  Sodean, 
of  Newcastle-upon-Tyne,  England,  and  as- 
signed to  the  W.  G.  Armstrong,  Whitworth 
&  Co.,  the  well  known  builders  of  torpedoes, 
is  an  improvement  over  certain  former  inven- 
tion of  his  designed  to  accomplish  the  same 
purpose. 

As  described  in  the  American  Inventor,  this 
device  re-heats  the  compressed  air  by  burning 
inside  the  reservoir  alcohol,  petroleum,  or 
other  combustible  liquid,  thus  raising  the  tem- 
perature of  the  air  and  consequently  increasing 
the  volume  which  the  compressed  air  will  have 
at  a  given  pressure. 

In  the  practical  application  of  this  discovery 
it  was  found,  however,  that  the  rate  of  feed 
of  the  combustible  liquid  to  the  air  reservoir 
increased  very  greatly  as  the  pressure  de- 
creased and  that  consequently  dangerously 
high  temperatures  were  likely  to  be  produced 


in  the  latter  stages  if  the  combustible  liquid 
was  fed  at  such  a  rate  as  to  produce  a  rapid 
rise  of  temperature.  It  was  in  order  to  regu- 
late the  rate  of  feed  that  the  invention  sJiown 
herewith  was  devised. 

According  to  this  invention  the  progressive 
feeding  of  the  combustible  liquid  into  the  air 
reservoir  is  dependent  upon  the  fall  of  pressure 
in  the  latter.  This  is  secured  by  extending  the 
pipe  connecting  the  fuel  reservoir  with  the  air 
reservoir,  upwardly  through  the  former, 
through  the  wfiole  or  a  considerable  portion 
of  the  vertical  height  thereof  and  in  giving 
said  pipe  two  or  more  openings  of  different 
heights  permitting  communication  between  the 
interior    of   the   pipe   and   that    of   the    vessel. 


When  the  level  of  the  combustible  liquid  has 
fallen  sufficiently  to  expose  one  or  more  of 
these  openings,  the  air  confined  in  the  air  space 
of  the  fuel  reservoir  will  begin  to  pass  through 
the  exposed  opening,  while  the  combustible 
liquid  will  continue  to  flow  through  those 
openings  which  remain  submerged.  The  rate 
of  feed  will  thus  be  diminished  at  the  moment 
at  which  one  of  these  openings  is  disclosed. 
The  air  space  will  increase  to  a  less  extent 
for  a  good  reduction  of  pressure  than  it  would 
have  done  had  no  air  been  allowed  to  escape 
from  the  fuel  reservoir.  Consequently  the 
continuance  of  the  discharge  from  the  air 
vessel  will  not  increase  the  rate  of  feed  and 
the  successive  exposure  of  other  openings  in 
the  fuel  iee<\  pipe  will  continue  to  check  such 
rate. 
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The  operation  of  the  apparatus  is  as  fol- 
lows :  As  soon  as  the  torpedo  engine  is  started 
the  pressure  in  the  .  air  reservoir  naturally 
begins  to  fall  and  in  consequence,  the  air  in 
the  space  in  the  combustible  reservoir  ex- 
pands, thereby  drivinsr  the  liquid  through  a 
spraying  nozzle  so  that  it  enters  the  com- 
pressed air  reservoir  in  a  condition  for  rapid 
combustion.  This  spray  is  ignited  by  the  firing 
of  a  primer  and  the  fuel  burns  fiercely  in  the 
compressed  air.  Thus  this  expanded  hot  air  is 
supplied  to  the  engine  throueri  the  pipe  lead- 
ing to  the  compressed  air  chamber.  As  the 
combustible  liquid  falls  and  expo.ses  the  holes 
in  the  exit  pipe,  air  will  pass  through  the  ex- 
posed hole,  but  the  combustible  liquid  continues 
to  flow  through  those  which  are  submerged. 
This  passage  of  air  reduces  the  stream  of  com- 
bustible liquid  and  also  lessens  the  growth  of 
the  air  space  above  it,  thereby  decreasing  the 
rate  at  which  the  feed  increases. 


UNNECESSARY  LOSS  OF  LIFE  IN 
THE  NEW    YORK  TUNNELS* 

By  R.  W.  Rav.moxd. 
In  the  Journal  of  June  2.  1906.  I  published 
an  article  on  "Blasting  in  Xew  York  City," 
calling  attention  to  the  dangerous  character 
of  the  method  of  rock-excavation  commonly 
pursued  by  contractors  in  the  tunneling  now 
in  progress  under  this  city.  My  protest  has 
received  fresh  emphasis  from  the  recent  loss 
of  several  lives,  as  a  direct  result  of  the  sys- 
tem I  condemned. 

As  I  explained  in  the  article  referred  to.^ 
the  usual  present  procedure  is  to  drill  deep 
converging  holes  in  the  face  of  the  tunnel, 
explode  in  them  heavx-  charges  of  dynamite, 
and  thus  produce  an  irregular  cave,  with 
shattered  sides  and  roof.  After  removing 
the  displaced  rock,  the  desired  section  of  the 
tunnel  is  perfected  by  further  and  less  violent 
operations.  This  method  is  unquestionably 
objectionable  from  an  engineering  point  of 
view,  because  it  leaves  the  rock  outside  of  the 
tunnel  section  more  or  less  fissured.  Tt  is  ob- 
jectionable also  by  reason  of  the  annoyance 
and  injury  which  it  inflicts  upon  overhead 
buildings  and  their  occupants.  And  to  these 
grounds  for  its  condemnation,  we  must  add 
the  further  consideration  that  it  is  unneces- 
sarily   dangerous    to    workmen.      The    cave 

•Abstracted  from  Engineering  and  Mining  Journal. 
tSee  Compressed  Air.  .August,  1906. 


produced  by  violent  large  blasts  must  be  en- 
tered, in  order  to  remove  the  fallen  and  the 
loosened  rock.  During  this  operation  there  is 
great  danger  of  the  fall  of  part  of  the  shat- 
tered roof.  The  work  is  consequently  recog- 
nized as  extra-hazardous,  and  men  of  special 
skill  and  courage  are  employed  in  it,  and  re- 
ceive high  wages  on  account  of  the  risk  they 
assume. 

Thus,  the  other  day,  a  workman  who 
"knew  no  fear"  and  received  on  that  account 
$7  per  day,  was  killed  by  a  fall  of  rock  in 
one  of  the  caves  created  by  big  blasts  in  a 
New-  York  tunnel ;  and  other  lives,  not  thus 
paid  for  beforehand,  were  similarly  sacrificed. 
It  cannot  be  too  strongly  declared  that  all 
this  danger  and  destruction  is  unnecessary. 
It  is  perfectly  practicable  to  run  a  rock  tunnel 
b}'  drilling  a  vertical  centre  cut,  and  blasting 
with  light  charges  in  holes  parallel  thereto,  so 
as  to  avoid  injury  to  persons  or  property,  or 
even  the  annoyance  of  miniature  earthquakes, 
now  suff^ered  by  New  York  citizens  whose 
lodgings  are  undermined  by  the  progress  of 
subterraneous  public  improvements. 

I  have  recently  heard  from  transient  guests 
at  the  Waldorf-Astoria,  and  from  permanent 
residents  of  that  part  of  the  city,  vigorous 
complaints  of  the  shocks  received  from  tunnel 
blasts.  Such  parties  are  hereby  notified  that 
I  cannot  help  them,  except  by  publicly  de- 
claring, once  more,  that  the  nuisance  of  which 
they  complain  is  wholly  unnecessary.  T  do 
not  even  believe  that  the  quieter  and  safer 
method  of  tunneling  would  be  more  expen- 
sive, if  it  were  carried  out  with  intelligence, 
and  wnth  loyalty  on  the  part  of  subordinates 
and  workmen. 

But  it  is  useless  to  arfue  that  proposition, 
so  long  as  specifications  in  contracts  do  not 
require  the  reform,  and  contractors  are  un- 
willing to  introduce  it.  at  the  risk  of  a  quarrel 
with  labor.  The  only  immediate  remedy  I 
can  perceive  is  public  opinion,  such  as  is 
created  by  much  talk,  and  especially  b_T  writ- 
ing to  the  papers.  Let  my  aggrieved  friends 
say  in  these  ways  what  they  vainly  say  to  me. 
■  and  something  may  come  of  it  I  For  in- 
stance, juries  may  be  led  to  grant  heavier 
damages  against  contractors  who  persist  in 
employing  a  method  involving  unnecessary 
risk  of  injury  to  person  and  property,  and 
official  boards  may  hereafter  require  of  con- 
tractors the  use  of  the  srifer  method.     More- 
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over,  if  the  sufferers  should  make  noise 
enough,  even  the  present  contractors  may  be 
scared  into  mending  their  ways.  So,  my  ad- 
vice to  my  correspondents  is :  Go  on,  and  talk 
and  write  as  often  and  as  much  as  you  can — 
only  not  to  me ! 


CHEAPER  LIQUID  AIR 

Reduced  cost  of  liquid  air  production  is 
indicatea  by  an  article  in  the  London  Times. 
Recent  experiments  in  England  of  an  inven- 
tion bj'  ^Ir.  Knudsen.  a  Dane,  furnished  liquid 
air  at  one-sixth  of  the  present  market  price, 
and  give  promise  of  an  ultimate  low  price  of 
a  fraction  over  two  cents  per  gallon.  The  re- 
sult is  secured  by  purely  mechanical  means, 
without  an  atom  of  added  chemicals.  Atmos- 
pheric air  is.  first  purified  and  then  compressed 
by  stages  to  2500  pounds  to  the  square  inch. 
It  is  finally  reduced  to  125  pounds  to  the  square 
inch,  which  then  cools  and  liquefies  the  high- 
pressure  air. 

fhe  oxygen  gas  produced  by  separating  the 
nitrogen  from  the  liquid  air  is  claimed  to  be 
purer  than  by  the  old  method,  and  can  be 
supplied  in  the  liquid  as  well  as  the  gaseous 
form.  One  gallon  of  liquid  air  equals  ap- 
proximately 128  cubic  feet  of  oxygen  gas, 
which  retails  at  six  cents  a  cubic  foot.  The 
new  price  "is  one  cent.  Liquid  air  has  been 
successfully  used  in  coal  mines  as  an  explo- 
sive, being  quite  safe  where  fire  damp  and 
other  explosive  gases  exist.  Liquid  oxygen 
is  also  used  for  welding  steel  pipes,  boiler 
shells,  and  plates  for  shipbuilding  instead  of 
riveting. 

That  oxygen  and  nitrogen  can  be  separated 
from  liquid  air  and  sold  retail  at  $1.20  a  gal- 
lon shows  great  commercial  possibilities.  The 
use  of  nitrogen  for  agricultural  purposes  opens 
yet  another  field.  The  maturing  of  liquors 
will  be  helped  by  liquid  air,  as  also  the  pres- 
ervation and  purification  of  milk.  As  a  mo- 
tive power  its  use  is  considered  to  be  quite 
practicable  for  small  powers.  The  British 
government  is  already  carrying  out  a  number 
of  experiments  with  a  view  to  the  utilization 
of  liquid  air  for  various  purposes. 

EXTRUDED    METAL 

One  of  the  many  interesting  exhibits  at  the 
recent  convention  of  the  American  Railway 
Master  Mechanics  and  Master  Car  Builders, 
says     Cassier's     Masacinc,    was     the     product 


known  as  extruded  metal,  formed  by  the  press- 
ing of  hot  metal  through  a  die,  thus  forming  a 
great  variety  of  intricate  and  fancy  shapes 
adapted  to  many  uses  in  car  and  locomotive 
construction. 

The  word  '"extrusion"  atcurately  describes 
the  operation  by  which  the  various  sections 
are  formed.  A  billet  of  brass  is  first  cast  of  a 
convenient  size  and  suitable  composition  for 
the  purpose  intended.  This  billet  is  re-heated 
until  it  is  of  a  plastic  consistency,  and  then, 
by  means  of  a  small  crane,  it  is  placed  within 
a  very  strong  horizontal  cylinder  or  "contain- 
er." at  the  front  end  of  which  is  the  die.  Up- 
on hydraulic  pressure  being  applied  at  the 
rear  end  of  the  container,  the  plastic  metal  is 
forced  or  squirted  through  the  die,  issuing 
from  it  in  a  long  bar  having  a  cross-section 
corresponding  to  the  section  formed  in  the 
die. 

The  very  high  pressure  (oftentimes  as  high 
as  60.000  lbs.  per  sq.  in.)  to  which  the  semi- 
plastic  metal  is  thus  subjected  gives  it  in- 
creased density  and  makes  it  perfectly  homo- 
geneous and  free  from  possible  casting  defects. 
The  bars  produced  by  this  process  have  a 
greater  strength  and  tenacity  than  those  made 
by  rolling  or  other  cold  working  methods,  and 
for  special  purposes  alloys  are  made  having  the 
requisite  strength  and  elongation  for  work  de- 
manding the  strength  of  good  quality  steel.  It 
is  also  obvious  that  sections  which  cannot 
possibly  be  rolled  or  drawn  can  be  made  by 
the  extrusion  process  with  great  accuracy. 

In  addition  to  bars  or  rods  of  irregular 
cross-section,  all  stock  sizes  of  round,  hexa- 
gon, square,  rectangular,  half-round,  etc.,  are 
produced  suitable  for  forging  and  all  engineer- 
ing purposes. 

A  considerable  use  that  has  been  found  for 
this  metal  is  in  the  form  of  moldings  for  archi- 
tectural work.  It  is  well  adapted  for  use  in 
large  stores  and  office  buildings,  railroad  sta- 
tions, residences,  etc.,  and  can  be  oxidized  to 
give  it  any  color  desired. 


TUK  "shell."  or  jacket  guides,  of  a  rock 
drill,  when  worn,  allow  the  machine  too 
much  play,  which  is  likely  to  break  the 
feed  screw  and  consideralily  affects  the  effi- 
ciency of  the  machine,  inasmuch  as  it  will 
waver  slightly,  each  blow  of  the  drill  increas- 
ing the  friction  and  thus  reducing  the  effi- 
ciencv. 
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THE   WATER    PUMPING    PLANT 
AT  JAMECO,  L.  I. 

Tlie  daily  newspapers  have  been  devoting 
considerable  space  to  a  discussion  of  the 
water-pumping  plant  which  Mr.  Silas  W. 
Titus  has  installed  at  Jameco,  L.  I.,  on  account 
of  the  unique  contract  which  he  had  made 
with  the  city  concerning  the  water  supply  of 
Brooklyn.  This  contract  involved  the  taking 
over  of  the  management  of  the  pumping 
plant,  providing  the  city  with  its  ordinary 
quota  of  1,400,000  gallons  of  water  per  day, 
but  for  all  the  water  delivered  to  the  city 
above  this  quota  he  was  to  receive  $40  per 
million  gallons.  This  price  was  to  run  for 
four  months  after  all  the  wells  were  in  oper- 
ation. After  four  months,  and  for  the  balance 
of  time,  twenty  months,  he  was  to  receive  $30 
per  million  gallons  and,  if  he  stopped  at  the 
end  of  four  months,  the  contract  was  to  be 
terminated,  but  if  he  continued,  it  was  agreed 
that  he  should  put  up  a  permanent  pumping 


plant  at  his  own  expense,  which  <Vas  to  be- 
come the  property  of  the  city  at  the  end  of 
the  twenty  months. 

Mr.  Titus  now  has  his  plant  in  operation 
and  the  results  achieved  thus  far  appear  to  be 
exceedingly  satisfactory,  both  to  Mr.  Titus 
and  to  the  city ;  although,  to  our  minds,  not 
so  unusual  as  the  newspaper  reporters  would 
lead  one  to  believe.  Mr.  Titus  has  increased 
the  output  of  the  twenty-one  wells  comprising 
the  plant  from  1,400,000  gallons  per  day  to 
8,400,000  gallons,  which,  on  the  face  of  it, 
would  appear  to  be  a  most  exceptional  in- 
crease. But,  without  desiring  to  disparage 
Mr.  Titus'  achievement,  it  must  be  remem- 
bered that  this  only  amounts  to  an  average  of 
278  gallons  per  minute  from  each  well,  while 
the  air-lift  system,  which  is  the  system  of 
pumping  that  Mr.  Titus  has  installed,  has  fre- 
quently shown  a  capacity  considerably  in 
excess  of  this  amount.  The  total  amount, 
however,  is  a  ver\'  large  yield  for  one  par- 
ticular district,  and  if  Mr.  Titus  succeeds  in 
increasing  this  yield,  which  he  seems  to  have 
every  prospect  of  doing,  he  will  be  entitled 
to  a  great  deal  of  credit  for  his  foresight  and 
engineering  ability. 

The  success  of  the  air-lift  system  at 
Jameco  brings  out  more  strongly  than  ever 
the  chief  points  of  merit  which  have  long 
been  claimed  for  this  method  of  pumping, 
namely,  that  the  system  is  only  limited  by  the 
capacity  of  a  well  to  yield  water,  it  having 
been  demonstrated  that  it  will  not  only  pump 
all  the  water  which  a  well  will  deliver,  but 
will  actually  increase  the  capacity  of  a  well 
with  service,  owing  to  the  fact  that  it  tends 
to  clean  out  the  well  and  to  keep  it  clean,  thus 
permitting  of  a  more  ready  inflow  of  water. 

We  wish  Mr.  Titus  all  success  with  his  un- 
dertaking and  trust  that  he  will  achieve  even 
better  results  in  the  future. 


THE    NEW    PRESIDENT  OF   THE 
AMERICAN   SOCIETY  OF  MECH- 
ANICAL  ENGINEERS 

It  will  probably  be  most  welcome  news  to 
members  of  the  American  Society  of  Mechan- 
ical Engineers  and  to  engineers  in  general  to 
know  that  Prof.  Frederick  Remsen  Hutton 
has  been  rewarded  for  his  long  and  very 
efficient  service  as  secretary  of  the  society 
by  being  elected  to  the  presidency.  As  was 
pointed  out  in  this  paper  some  time  ago.  Prof. 
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Hutton  resigned  the  secretaryship  owing  to 
the  fact  that  he  considered  it  necessary  to 
devote  more  of  his  time  to  his  duties  as  Pro- 
fessor of  Mechanical  Engineering  at  Cohimbia 
University. 

Prof.  Hutton  was  born  in  New  York  City, 
May  28th,  1853,  and  after  a  preparation  in  a 
priyate  school,  entered  Columbia  College,  re- 
ceiving the  degree  of  A.  B.  in  1876.  He  then 
entered  the  School  of  Mines,  taking  its  degree 
in  the  same  year.  The  next  year  he  was 
appointed  an  instructor  in  mechanical  engineer- 
ing, serving  under  the  late  Prof.  W.  P.  Trow- 
bridge. He  entered  the  faculty  as  an  adjunct 
professor  in  1881  and  became  full  professor  in 
1890,  which  position  he  has  held  ever  since. 

When  Columbia  moved  from  49th  street  to 
its  present  site  on  Morningside  Heights,  Prof. 
Hutton  was  called  upon  to  take  charge  of  the 
erection  aa|^  equipment  of  the  mechanical  en- 
gineering laboratories  which  now  stand  as  a 
splendid  monument  to  his  achievement.  It 
would  be  difficult  to  find  mechanical  labora- 
tories more  completely  equipped  than  those 
at  Columbia.  This  equipment  includes  a 
Reynolds  triple  expansion  steam  engine  of  150 
H.  P.,  a  Baldwin-Vauclain  compound  express 
locomotive  of  1600  H.  P.  mounted  on  friction 
wheels,  equipped  with  brakes  and  dynamom- 
eters in  order  that  it  may  be  tested  for  tractive 
effort  and  general  efficiencj'.  Other  unique 
apparatus  which  Prof.  Hutton  has  added  to 
the  laboratory  includes  an  Otis  hydraulic  ele- 
vator, many  high  powered  steam  pumps, 
numerous  gas  and  oil  engines  and  other  ap- 
paratus which  has  served  to  make  the  labora- 
tory one  of  the  finest  in  the  country. 

Columbia  has  honored  Prof.  Hutton  with 
the  degree  of  Ph.  D.  and  later,  at  its  150th 
anniversary,  with  the  degree  of  Sc.  D.,  which 
is  the  highest  that  it  confers  in  the  field  of 
science. 

Prof.  Hutton  has  served  as  secretary  of  the 
American  Society  of  Mechanical  Engineers 
since  1883  and  now  becomes  its  president  at 
a  time  when  the  society,  having  grown  steadily 
in  membership  and  influence,  is  about  to 
occupy  its  quarters  in  the  magnificent  new 
engineering  building  rapidly  nearing  com- 
pletion on  West  39th  street.  New  York. 


is  not  necessary  to  use  an  air  compressor  for 
operating  air  brakes,  as  the  pressure  can  be 
obtained  from  the  motor  cylinders.  This  is  an 
important  point,  as  one  of  the  chief  argu- 
ments against  air  brakes  for  use  on  motor 
cars  has  been  that  the  air  compressor  ab- 
sorbed a  great  deal  of  power ;  in  fact,  it  has 
been  estimated  that  the  power  required  to 
operate  the  air  brakes  of  a  motor  car  would 
be  approximately  one-tenth  of  the  power  of 
the  engine  which,  in  the  case  cited,  amounted 
to  three  and  a  half  H.  P." 

Our  data  for  the  above  statement  was  ob- 
tained from  an  article  by  Mr.  Thomas  J.  Fay 
in  a  recent  issue  of  "The  Horseless  Age." 
Our  attention  has  now  been  called  to  the  fact 
that  the  above  statement  is  in  error,  and  w-e 
are  in  receipt  of  a  letter  from  Mr.  E.  J.  Stod- 
dard, of  Detroit,  ^lich.,  pointing  out  the  fact 
that  instead  of  the  air  brakes  requiring  syz 
H.  P.  they  would  only  require  0.3  H.  P.  as 
calculated  in  the  following  manner:  Average 
pressure  on  piston,  25  lbs. ;  area  of  piston, 
3J-4  sq.  in. ;  stroke,  3  in. ;  number  of  strokes 
per  minute  450;  then  H.  P.  =(3 A)  (25)  (450)  (}) 

33000 
^    9900  ^  n  :; 
33000 

This  puts  the  subject  in  an  entirely  new 
light  and  would  tend  to  show  that  air  brakes 
absorb  but  a  slight  amount  of  the  power  of 
the  engine  for  their  operation,  and  that  they 
should,  on  that  account,  be  received  with 
more  general  favor  bv  automobilists. 


AIR  BRAKES    FOR    MOTOR  CARS 

In  one  of  our  editorials  last  month  on  this 
subject  we  made  the  following  statement:  "It 


ATMOSPHERIC    PRESSURE    AS    A 
STIMULUS  TO  CONVERSATION 

Dr.  Moorhead,  of  Washington,  has  recently 
reported  to  the  Government  with  respect  to 
some  curious  effects  of  rarefied  and  of  con- 
densed air  on  human   respiration. 

On  high  mountains  some  persons  exper- 
ience distressing  "shortness  of  breath,"  on  re- 
sult of  which  they  are  unable  to  whistle.  Pre- 
cisely the  same  effect  is  sometimes  produced 
by  the  condensed  air  in  caissons  and  diving 
bells.  Laborers  working  in  compressed  air 
frequently  find,  however,  that  their  powers  of 
exertion  are  increased  as  long  as  the  atmos- 
pheri<^pres?ure  is  not  more  than  double  that 
of  ordinary  air ;  but  beyond  that  point  un- 
pleasant effects  are  experienced  after  the  men 
have  left  the  working  shafts  and  returned  into 
the  open  air. 
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On  the  other  hand,  atmospheric  pressure  in 
the  case  of  persons  not  doing  manual  labor  has 
been  found  to  act  as  a  mental  stimulus,  in- 
creasing the  impulse  to  talk. 

Engineers  in  charge  of  the  construction  of 
the  Pennsylvania  tunnels  assert  that  the  safety 
appliances  have  reached  such  a  state  of  per- 
fection that  the  East  River  tunnels  are  now 
the  best  protected  anywhere.  The  latest  de- 
vice is  designed  to  keep  workmen  from  being 
overcome  by  smoke  in  case  of  fire. 

Formerly  compressed  air  could  come  into 
an  airlock  only  from  the  tunnel,  and  if  the 
tunnel  filled  with  smoke  there  was  no  way  to 
get  fresh  air.  Now  a  pipe  connection  is  put  in 
everj'  lock  so  that  fresh  air  can  be  let  in  by 
the  mere  turning  of  a  valve.  If  smoke  hap- 
pens to  collect  in  the  tunnel  the  opening 
between  it  and  the  lock  can  be  closed  and  the 
other  pipe  opened.  In  all  four  Pennsj^vania 
Railroad  tunnels  under  the  East  River  at 
Thirty-fourth  Street  shields  are  now  being 
pushed  forward,  both  from  Manhattan  and 
Long   Island    City. 


EVENING    TECHNICAL    COURSES 

AT  COLUMBIA  UNIVERSITY, 

NEW  YORK 

The  board  of  extension  teaching  of  Columbia 
University  announces  a  series  of  nine  evening 
technical  courses  which  will  be  given  at  the 
university  this  winter,  and  lasting  twenty 
weeks.  The  courses  are  under  the  immediate 
direction  of  Prof.  Walter  Rautenstrauch.  of 
the  Faculty  of  Applied  Science,  and  are  to  be 
given  by  professors  and  instructors  of  the  uni- 
versity and  other  persons  especially  qualified. 
Moderate  fees  ($7.50  to  $15)  are  charged, 
and  most  of  the  courses  are  for  two  evenings 
a  week.     The  courses  are  as  follows : 

Engineering  Physics,  as  illustrated  in  the 
mechanical  plants  of  modern  buildings,  (i) 
An  elementary  study  of  physics  ;  (2)  a  prac- 
tical study  of  steam  and  electrical  machinery, 
heating,  ventilating,  water  system,  wiring,  ele- 
vators, etc.,  included  in  the  plant  of  Columbia 
University.  For  two  classes  of  students : 
Those  wishing  an  introductory  study  of 
physics  as  preparation  to  advanced  stud}^  in 
electricity,  steam,  etc.,  another  winter ;  those 
desiring  practical  training  for  positions  as 
superintendents  of  buildings,  engineers,  jan- 
itors,  etc. 

•Elementary    Mathematics:      Those    parts    of 


arithmetic,  algebra,  geometry  and  trigonom- 
etry used  in  technical  work.  Practice  with 
engineering  hand-books,  tables,  etc. 

Drafting:  A  beginner's  course;  fits  for  po- 
sitions as  draftsmen :  reading  of  drawings, 
etc. 

Strength  of  Materials :  A  lecture  course  for 
those  who  design  or  manufacture  machinery, 
or  modern  structures.  With  this  course  should 
be  taken  either  the  first  or  second  of  the  two 
following  courses  in   design. 

Machine  Design :  Advanced  drafting,  com- 
putations, and  designing  for  persons  engaged 
in  the  design  and  manufacture  of  machinery. 

Structural  Design  :  Advanced  drafting,  com- 
putations, and  designing  for  those  who  do 
structural   work. 

Electrical  Engineering :  A  course  especially 
for  those  engaged  in  electrical  work  of  any 
sort.  % 

Steam  Engineering :  A  course  for  those  en- 
gaged in  the  manufacture  or  management  of 
steam  machinery  of  anj'  sort. 

Special  Engineering  Problems  :  A  study  of 
any  special  elementar\'  or  advanced  engineer- 
ing problems  desired  by  the  student.  Individ- 
ual instruction  will  be  arranged  for  such  a 
period  of  time  as  the  special  problem  may 
demand. 

The  courses  will  be  given  in  the  buildings 
of  Teachers'  College,  Columbia  University,  at 
West  I20th  street  and  Broadway,  which  af- 
fords necessary  lecture  rooms,  laboratories, 
drafting  rooms,  etc.  A  complete  catalog  of 
these  courses  will  be  sent  on  request  by  ad- 
dressing Evening  Technical  Courses,  Exten- 
sion Teaching,  Columbia  University.  Per- 
sonal information  may  be  secured  Tuesday 
and  Thursday  evenings,  between  7.30  and  9 
o'clock,  from  Benjamin  R.  Andrews,  Room  in, 
Teachers'    College. 


NE\V     PUBLICATIONS 

Practical  Lettering,  by  Tliomas  F.  Mein- 
hardt,  being  a  series  of  plates  with  corre- 
sponding explanations  for  beginners,  drafts- 
men, engineers,  engravers,  sign  painters,  stone 
cutters,  lithographers,  etc..  with  an  original 
s\stem  for  spacing,  published  by  the  Xorman 
W.  Henley  Publishing  Co..  132  Xassau  Street, 
New  York.     Price  50c. 

One  of  the  most  important  characteristics 
of  this  work  is  the  practical  instruction  which 
it  gives  on  the  subject  of  "spacing."     This  is 
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of  particular  value,  as  upon  the  correct  spacing 
of  a  title  depends  to  a  great  extent  it^  appear- 
ance, and  nothing  will  mar  the  looks  of  a 
drawing  more  than  incorrect  or  careless 
spacing  of  the  lettering,  and  this  is,  of  course, 
of  even  more  importance  in  the  work  of  en- 
gravers, sign  painters  and  stone  cutters. 

While  Mr.  Meinhardt's  book  contains  only 
twenty  pages,  14x9  inches  in  size,  it  is  exceed- 
ingly complete  and  the  explanations,  hints  for 
pen-work,  hints  on  duplicating  and  analysis  of 
construction,  are  all  that  could  be  desired,  the 
remarks  on  spacing,  of  course,  going  into  the 
subject  in  great  detail. 

For  all  those  having  need  of  a  work  on  let- 
tering we  should  think  this  book  would  be  a 
great  help. 

Penbcrthy  Engineer  and  Firennin.  pub- 
lished monthly  by  the  Penberthy  Injector  Co., 
Detroit,  Mich.,  34  pages,  6x9,  25  cents  per  year. 

This  little  magazine  contains  many  original 
articles  which  should  be  of  interest  to  steam 
engineers  and  firemen,  relating,  as  they  do,  to 
principles  of  heat  and  practical  fnanagement 
of  steam  engines  and  boilers.  We  should  think 
the  publication  more  than  worth  the  subscrip- 
tion price  to  those  interested  in  steam  en- 
gineering. 


TRADE  PUBLICATIONS 
Ernst  Wiener  Company,  68  Broad  St., 
New  ^'ork. — Catalog  Xo.  80,  24  pages.  6x9, 
printed  in  both  Spanish  and  English  and  de- 
voted to  the  subject  of  locomotives  for  indus- 
trial railways.  Full  particulars  are  given  con- 
cerning each  locomotive  illustrated,  the  infor- 
mation being  arranged   in   tabular   form. 

IngersolNRand  Company,  ri  Broadway, 
New  York. — liullctin  .\'o.  2008,  on  Imperial 
Motor  Hoists  and  Stationary  Motors.  The 
pamphlet  contains  a  complete  description  of 
the  Imperial  Motor  Hoist  with  illustrations 
and  tables  of  sizes  and  dimensions.  The  later 
pages  of  the  publication  are  devoted  to  illus- 
trated part  lists  on  each  machine  for  the  as- 
sistance of  purchasers  in  ordering  duplicate 
parts.  The  pamphlet  is  6x9  in  size  and  con- 
sists of  32  pages. 

Catalog  No.  X-36,  44  pages,  6x9,  devoted  to 
a  description  and  full  particqlars  of  the  Im- 
perial Type  10  Air  Compressors.  The  catalog 
is  handsomely  illustrated  and  all  information 
concerning  compressors,  receivers,  etc.,  is 
placed  in  tabular  form  for  ready  reference. 


Charles  H.  Besly  &  Co.,  15-21  South  Clin- 
ton St.,  Chicago,  111. — 60-page  catalog,  S^/^xp, 
devoted  to  Besly  Spiral  Disc  Grinders,  Band 
Grinders  and  Helmet  Spiral  Grinding  Circles. 
The  catalog  is  exceedingly  complete,  well  il- 
lustrated and  contains  considerable  informa- 
tion of  a  practical  nature  regarding  method 
of  holding  work,   etc.,   for  niacliini-t-. 

De  la  Vergne  Machine  Company,  Foot 
East  138th  St..  New  York.— 4-page  folder,  de- 
scribing the  Klein  Water  Cooling  Towers  for 
cooling  the  jacket  water  of  gas  engines  and 
for  use  in  power  plants,  breweries,  ice  plants, 
etc.  These  towers  will  cool  the  water  to  from 
5  to  15  degrees  below  the  temperature  of  the 
atmosphere. 

Blaisdell  Machinery  Company,  Bradford, 
Pa. — 46-pagc  catalog,  6x9,  illustrating  and 
describing  all  types  and  sizes  of  Blaisdell  Air 
Compressors.  This  catalog  is  known  as  Bul- 
letin Xo.  18  and  contains  full  information  on 
air  compressors  of  from  4  cubic  feet  per  min- 
ute capacity  up  to  529  cubic  feet  capacity.  It 
also  covers  the  subject  of  pneumatic  stone 
tools,  plug  drills,  surfacing  machines,  unload- 
ing devices,  gas  and  gasolene  engines  and 
equipment  for  complete  pneumatic  stone  plants. 

Independent  Pneumatic  Tool  Company, 
l-irsl  .\ational  i'.ank  lUdg..  Chicago,  111.— 4- 
page  leariet.  describing  i'haw  Piston  Air  Drills, 
Pneumatic  Hammers,  Portable  Grinding  Ma- 
chines. Riveters  and  Wood  Boring  Machines. 

Abenaque  Machine  Works,  Westmintes, 
Station.  Vt. — 24-page  catalog  devoted  to  gas 
and  gasolene  engines  of  from  2  to  25  H.  P., 
the  principal  advantage  claimed  for  them  being 
the  fact  that  gaisolene  is  admitted  to  the  cylin- 
der and  no  carburetter  is  required.  This  is  a 
very  important  advantage,  as  it  enables  the 
engine  to  be  .'Started  in  cold  werithcr  wifiiout 
trouble. 

Sullivan  Machinery  Company,  Railway  Ex- 
cliange  I'ldg.,  Chicago,  111, — .Mine  and  Quarry 
for  November.  This  publication  was  reviewed 
in  our  columns  when  it  first  made  its  appear- 
ance and  the  November  number,  which  is  the 
thir<l  that  has  been  issued,  contains  many  ar- 
ticles which  shcnild  be  of  interest  to  quarry 
men.  mining  superintendents  and  engineers 
in  general.  A  particularly  interesting  article 
is  one  on  drilling  costs  at  a  Newfoundland 
iron  mine,  which  shows  that  proper  methods 
of  handling  men  and  equipment  may  make  the 
difference  between  loss  and  profit.  Mine  and 
Quarry  is  issued  quarterly  and  will  be  sent 
to  anyone  on  reqitest. 
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DUPLEX  AIR    COMPRESSORS 

Under  the  impression  that  a  duplex  machine 
is  easier  to  manipulate  in  starting  or  in  slow 
running,  some  customers  call  for  the  duplex 
pattern.  The  supposed  advantages  do  not  ex- 
ist when  comparison  is  made  with  an  up-to- 
date  straight-line  machine,  and  there  are  cer- 
tain disadvantages  which  it  is  well  for  the 
buyer  to  know  before  completing  a   contract. 

For  any  given  output  of  air  they  are  more 
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Diaerams  Sbowinc  Floor  Plans  ol  Compressors. 


expensive  in  first  cost  and  up-keep,  for  there 
is  double  the  machinery.  There  are  double 
the  chances  of  delays,  for  either  side  may  be 
necessarily  stopped  and  then  all  air  is  shut  oflf 
until  adjustments  can  be  made  to  both  ma- 
chines, and  a  heated  journal  on  either  side 
stops  both. 

The  generally  observed  friction  of  the  du- 
plex machines  exceeds  by  about  5  per  cent,  the 
friction  of  two  machines   working  separately. 

For  compound  air  compression  duplex  com- 
pressors are  furnished  in  six  varieties: 

1st.  Twin  tandem  compound  air  cylinders 
and  twin   simple   steam  cylinders. 

2d.  Twin  tandem  compound  air  cylinders 
and  twin  compound  steam  cylinders. 

3d.  Twin  tandem  compound  air  cylinders 
and   cross-compound    steam   cylinders. 

4th.  Cross-compound  air  cylinders  and  twin 
simple   steam    cylinders. 

5th.  Cross-compound  air  cylinders  and  twin 
compound  steam  cylinders. 

6th.  Cross-compound  air  cylinders  and 
cross-compound   steam   cylinders. 


Of  these  patterns  only  the  first  two  allow 
either  side  to  be  disconnected  and  the  other 
side  then  runs  as  a  complete  machine. 

The  last  four  on  the  list  are  open  to  the 
objection  that  under  no  circumstances  can 
one  side  be  operated  as  a  complete  machine, 
for  the  cross-compound  feature  requires  the 
operation  of  both  sides  at  the  same  time. 

The  accompanying  skeleton  diagrams  show 
floor  plans  of  compressors  of  several  kinds,  all 
of  the  same  capacity,  and  opposite  each  duplex 
machine  is  shown  a  straight-line  machine  for 
doing  the  same  work  at  the  same  number  of 
revolutions   per   minute. 

Pattern  A  is  a  straight-line  compressor  with 
compound  air  end  and  simple  steam  end. 

Pattern  B  is  a  compound  air  end  and  com- 
pound steam  end. 

These  two  patterns  of  straight-line  compres- 
sors perform  their  work  with  the  same  steam 
economy  as  the  corresponding  duplex  machine 
and  do  it  with  fully  5  per  cent  less  internal 
friction. 

The  smallest  duplex  compressor  occupies 
twice  the  floor  space  of  the  largest  straight- 
line  double  compound  compressor. 

Foundations,  engine  rooms  and  piping  adds 
expense  in  proportion  to  the  floor  space  of 
the  compressors. 

As  to  the  mechanism — by  many  it  is  thought 
that  the  term  "complex"  is  a  much  more  ap- 
propriate name  than   "duplex." 

In  the  line  of  power-driven  machines  some- 
thing can  be  said  in  favor  of  the  duplex.  In 
some  exceptional  cases  of  steam-driven  ma- 
chines there  may  be  a  debatable  choice,  but  in 
the  vast  majority  of  installations  the  duplex 
has  no  advantages.  The  Norwalk  Iron  Works, 
of  South  Norwalk,  Conn.,  can  supply  the  com- 
pressors in  single  and  compound  steam  pat- 
terns and  in  compound,  three  and  four-stage 
air  ends. 


TRACING  CLOTH  NOW^  MADE  IN 
AMERICA 

Readers  of  Compressed  Air  will  be  inter- 
ested in  the  fact  that  tracing  cloth  is  now  be- 
ing manufactured  in  the  United  States.  The 
domestic  product  is  claimed  to  be  equal  in 
every  respect  to  the  imported  cloth,  having 
all  the  qualities  a  perfect  tracing  cloth  should 
have. 

The  domestic  tracing  cloth  is  made  by  the 
American  Tracing  Cloth  Company,  having  its 
offices  at  II  Broadway,  New  York  City,  while 
the  plant  is  located  at  Paterson,  N.  J.  The 
cloth  is  sold  under  the  name  of  Peerless.  The 
company  is  believed  to  have  accomplished 
quite  a  feat  in  succeeding  in  the  manufacture 
of  tracing  cloth  in  this  country,  as  many  have 
tried  to  do  so,  but  have  not  succeeded  in  pro- 
ducing   a    marketable    article    on    account    of 
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unfavorable  climatic  conditions  characteristic 
of  this  country  which  they  could  not  over- 
come. 

The  .\merican  Tracing  Cloth  Company  has, 
however,  succeeded  in  creating  the  conditions 
necessary  for  the  manufacture  of  tracing  cloth 
by  special  means  which  they  guard  carefully. 
It  was  also  necessan,'  specially  to  design  the 
machinery  with  which  tracing  cloth  may  be 
made  here,  and  the  company  holds  several 
strong  patents  on  these  designs.  The  credit 
of  discovering  the  process  is  due  to  a  gradu- 
ate of  a  German  university,  who  is  very 
prominent  in  his  profession,  while  the  ma- 
chinery was  designed  b}'  an  experienced  man 
who  has  had  a  long  and  successful  career  in 
textile  work. 

Strong  financial  interests  are  stated  to  be 
backing  the  company,  and  the  managers  are 
quite  confident  that  their  product  will  in  time 
replace  the  imported  article,  when  the  con- 
sumer has  found  out  that  he  can  purchase  a 
perfect  tracing  cloth  made  in  this  country  and 
at  a  cheaper  price. 


THE  Union  Switch  &  Signal  Co.  has  been 
awarded  the  entire  contract  for  the  inter- 
locking and  signaling  of  the  great  ter- 
minal station  being  constructed  in  Washington, 
D.  C,  by  the  Pennsylvania  and  the  Baltimore 
&  Ohio  railroads.  The  installation  will  be 
electro-pneumatic,  similar  in  its  general  char- 
acteristics to  that  in  the  railway  yards  of  the 
Pennsylvania  at  the  Union  station  in  Pitts- 
burg. The  Washington  installation,  however, 
will  be  the  largest  and  most  complicated  sig- 
naling and  interlocking  installation  that  has 
ever  been  constructed  in  the  world.  The 
largest  one  previous  to  this  was  put  in  ser- 
vice at  St.  Louis  at  the  beginning  of  the 
World's  Fair,  and  before  that  the  most  im- 
portant was  the  electro-pneumatic  interlocking 
system  at  the  terminals  of  the  Boston  South 
station.  Both  of  these  plants  were  also  in- 
stalled by  the  Union  Switch  &  Signal  Com- 
pany. 


SELF-STARTING     DEVICE 

Of  all  the  self-starting  devices  offered  for 
use  on  motor  cars  one  of  the  best  was  ex- 
hibited at  the  Automobile  Show.  Grand  Cen- 
tral Palace.  Manhattan,  December  i  to  8.  It 
comes  from  Chicago  and  consists  of  a  reser- 
voir of  compressed  air  maintained  constantly 


by  the  operation  of  the  engine.  When  the 
engine  has  stopped  the  pressure  remains  con- 
stant until  starting.  Two  of  the  cylinders  are 
filled  with  compressed  air,  which  turns  the 
engine  over,  drawing  the  gasoline  into  the  two 
remaining  cylinders,  where  it  is  ignited  in  the 
usual  manner. 

It  is  stated  that  the  general  use  of  com- 
pressed air  in  boiler  shops,  which  has  largely 
aided  in  advancing  boiler  shop  practice  to  the 
front  rank  in  railway  mechanical  departments, 
is  being  extended  in  some  shops  to  include  the 
cleaning  o^  crown  bars  and  crown  sheets  with 
a  sand  blast.  It  is  claimed  that  this  gives  much 
more  satisfactory  results  than  the  old  method 
of  hammer  and  chisel.  In  a  certain  shop 
where  the  new  method  has  been  installed  a 
dozen  bars  took  a  man  ten  hours  under  the 
discarded  system,  at  a  labor  cost  of  $1.75. 
With  the  sand  blast  a  bar  is  cleaned  in  20  or 
30  minutes,  or  about  half  the  former  time,  and 
the  job  is  a  cleaner  one  when  done.  This 
same  shop  uses  the  blast  with  satisfactory  re- 
sults for  cleaning  the  crown  sheet  as  well. 


LUBRICATION    IN    COLD 
WEATHER 

An  interesting  argument  in  favor  of 
graphite  as  a  lubricant  is  put  forward  by  the 
Dixon  Crucible  Company  of  Jersey  Cit>',  N.  J. 
It  is  claimed  that  almost  any  bearing  that  re- 
quires oil  in  it  will  work  harder  in  winter 
than  in  summer,  as  the  oil  is  bound  to  be 
more  viscous  when  cold  than  when  warm.  It 
is  for  this  reason  that  experienced  men  who 
liave  tried  it  suggest  that  a  possible  solution 
of  difficulties  in  lubrication  may  be  found  in 
the  use  of  flake  graphite  along  with  some  thin 
mineral  oil.  The  lubrication  will  be  as  good, 
if  not  better,  and  the  drag  and  slowness  will 
disappear. 


THE  Crandall  Packing  Company.  Chi- 
cago, 111.,  announce  that  owing  to 
increased  business  their  Cleveland  of- 
fice has  been  moved  from  9  South  Water 
Street  to  805  Superior  Street,  N.  W.,  in  the 
Wade  Building,  where  their  stock  has  been 
greatly  enlarged  in  order  to  enable  them  to 
take  proper  care  of  their  stationary  and  marine 
business  which  is  being  handled  from  the 
Cleveland  office.  They  also  announce  that 
their  latest  catalog  is  just  off  the  press  and 
will  be  forwarded  to  engineers  upon  request 
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FOR  transmission  of  power  in  mines  where 
compressed  air  is  used,  it  has  been  found 
that,    for    general    purposes,    a    moderate 
pressure  of  6^/^  to  7  atmospheres   is   the  best 
practice. 

In  drilling  with  machines  it  does  not  pay 
to  overload  an  air-compressor  with  too  many 
drills,  or  to  use  a  main  pipe  so  small  as  to  re- 
duce the  air  pressure  materially.  Experiments 
show  that  a  drop  of  pressure  from  75  to  45 
pounds  will  reduce  the  length  of  hole  drilled 
by  more  than  50  per  cent.  Great  c^re  should 
be  taken  to  have  no  leaks  in  the  pipe  line,  es- 
pecially in   the  hose  and  couplings. 


In  the  operation  of  air  compressors  the  best 
results  are  obtained,  it  is  said,  when  the  areas 
of  the  suction  and  discharge  valves  are  equal 
and  of  such  proportions  that  the  velocity  of 
the  air  does  not  exceed  5,500  feet  per  minute. 
On  a  compressor  run  with  a  piston  speed  of 
550  feet  per  minute,  this  requires  a  valve  area 
equal  to  10  per  cent,  of  the  piston  area.  The 
practice  of  triaking  suction  valve  areas  larger 
than  those  of  the  discharge  valves  is  not  ad- 
vised as.  while  the  incoming  air  is  of  greater 
volume,  the  discharge  valves  remain  open  for 
a  very  small  proportion  of  the  stroke. 


Compressed  air  differs  from  electricity,  es- 
pecially in  the  fact  that  electrical  friction  losses 
cannot  be  regained,  while  corresponding  losses 
with  compressed  air  may  be  eliminated.  The 
moderate  fall  in  pressure  in  the  air  due  to 
friction  augments  a  loss  of  transmission.  "If 
the  air  were  at  <So  lb.  gage  or  95  lb.  absolute 
upon  entering  the  pipe,  and  70  lb.  gage  or  85 
lb.  absolute  at  the  other  end,  there  would  be 
a  loss  of  a  little  more  than  10  per  cent,  in 
absolute  pressure,  but  at  the  same  time  there 
would  be  an  increase  of  volume  of  11  per  cent, 
to  compensate  for  this  loss  of  pressure,  and 
the  loss  of  available  power  would  be  less  than 
3  per  cent." 


VALUE  OF  TECHNICAL  PAPERS 

Ihe  advancing  foreman  of  to-day  nmst  be 
up  to  new  ideas  and  keep  moving ;  he  has  no 
time  to  sit  with  his  hands  folded.  The  proper 
use  of  mechanical  literature  is  the  foundation 
of  success.  The  good,  energetic  mechanic 
waits  hourly  for  his  mechanical  journal  to 
arrive ;  how  would  our  minds  be  enlightened 


if  it  were  not  for  this?  We  would  never  have 
anything  before  us  that  would  give  us  any 
reason  to  improve  or  make  improvement.  Ev- 
ery month  there  is  something  new  that  is 
very  beneficial  to  the  mechanic,  and,  I  am 
sorry  to  say.  there  is  not  one-half  of  the  me- 
chanics reading  these  papers  that  should  be. 
The  countr}-  has  produced  some  of  the  finest 
graduates  in  the  mechanical  line,  and  it  is 
these  who  are  worrying  their  minds  about 
modern  mechanics  and  improvements  that 
when  published  are  beneficial  to  you  and  me. 
I  think  if  every  foreman  would  stop  long 
enough  to  think  where  he  is  in  this  hustling, 
modern,  improved  mechanical  world,  he  would 
subscribe  for  more  mechanical  literature.-^ 
G.  W.  Keller,  before  the  Convention  of  the 
International  Raihcay  General  Foremen's  As- 
sociation. 


PUMPING    WATER    BY    COM- 
PRESSED    AIR 

The  greater  portion  of  the  sugar  factories  in 
Louisiana,  are  to  a  great  extent,  dependent 
upon  their  water  supply  for  condensation  pur- 
poses,   from   deep   wells. 

These  wells  are  usualh'  of  4  to  lO-inch  piping 
sunk  to  a  depth  varying  from  180  to  1,000 
feet,  according  to  location  and  water  strata. 

The  usual  practice  is  to  use  steam  pumps 
and  they  do  fairly  well  when  large  pumps,  or 
enough  of  them  are  used,  to  help  the  pumps 
as  much  as  possible.  The  water,  after  leaving 
the  condensers,  is  circulated  through  a  long 
ditch  back  to  the  supply  pond  in  order  to  cool 
the  water  until  repeated  use  compels  us  to 
turn  it  out  to  flow  awaj'. 

A  certain  factory  here  has  an  8-inch  well 
233  feet  deep,  but  when  these  wells  are  sunk 
and  water  is  struck,  the  water  rises  from 
within  10  to  20  feet  of  the  surface.  A  large 
duplex  pump  was  connected  to  the  well  and 
by  working  the  pump  to  its  utmost  capacity, 
250,000  gallons  every  24  hours  was  the  best 
it  could  do.  As  the  factory  wanted  500,000 
gallons  ever)-  24  hours,  the  water  had  to  be 
used  several  times  and  would  be  so  hot  that 
the  required  vacuum  could  not  be  maintained. 

An  air  compressor  of  the  flywheel  type  was 
next  tried  with  results  that  settled  the  ques- 
tion then  and  there,  as  to  the  superiority  of  the 
air  system  over  the  steam  pump.  A  receiver 
was  placed  between  the  pump  and  the  well  and 
a  iV2-inch  pipe  was  run  to  the  well  and  down 
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to  a  depth  of  165  feet.  At  the  bottom  was 
placed  a  very  simple  arrangement  to  discharge 
the  air  upward. 

It  required  a  little  over  65  pounds  air  pres- 
sure to  start  the  water  flowing  and  then  the 
pressure  would  drop  to  60  pounds.  One  mil- 
lion gallons  every  24  hours  was  discharged 
from  the  well.  As  only  one-half  of  that 
amount  was  needed  the  compressors  were  run 
quite  slowly. — F.  B.  Dunning  in  the  Engineers' 
Review. 


CHOOSING  AN  AIR  COMPRESSOR 

The  following  is  some  advice  given  by  the 
Record  and  Guide  to  its  readers  on  the  select- 
ing of  an  air  compressor : 

"Direct  steam-driven  compressors  are  gen- 
erally more  desirable,  being  entirely  indepen- 
dent of  engine  or  motor,  shafting  or  belts,  but 
special  conditions  frequently  demonstrate  the 
advisability  of  using  a  compressor  driven  by 
belt,  gear  or  chain  from  electric  motor,  gas 
engine  or  other  power,  rather  than  by  steam 
direct. 

"When  obtaining  proposals  upon  steam- 
driven  compressors,  the  steam  pressure  avail- 
able at  the  throttle  should  be  stated.  If  a 
power-driven  compressor  is  contemplated,  the 
horse-power  available  for  operation  should  be 
considered  in  conjunction  with  the  volume  of 
air  and  pressure  required  to  perform  the  de- 
sired  service. 

"When  selecting  an  air  compressor  it  is 
unwise  to  consider  immediate  needs  only,  for 
the  introduction  of  a  compressor  is  invariably 
followed  by  demands  upon  it  not  originally 
contemplated.  Good  practice  suggests  install- 
ing a  compressor  possessing  a  sufficient  margin 
of  reserve  capacity  to  meet  the  additional  needs 
that  are  sure  to  follow. 

"After  the  required  volume  and  pressure 
of  air  have  been  determined,  the  next  con- 
sideration is  to  fix  upon  the  size,  type  and 
make  of  compressor  to  be  selected,  and  therein 
lies  one  of  the  most  important  features  of  the 
problem.  A  too  frequent  error  is  to  regard 
low  first  cost  as  the  primary  consideration.  The 
air  compressor  that  is  cheap  in  first  cost  some- 
times proves  more  expensive  in  the  end, 
through  greater  power  consumption  and  fre- 
quency of  repairs. 

The  list  of  air  compressor  manufacturers 
rate    the    free    air    capacity    theoretically;      in 


other  words,  the  area  of  the  cylinder  is  mul- 
tiplied by  the  rate  of  piston  speed,  without  al- 
lowance for  the  unavoidable  losses  in  air  com- 
pression due  to  heat,  friction  and  clearance. 
The  percentage  of  loss  chargeable  to  these 
causes  is  naturally,  directly  dependent  upon 
the  efficiency  of  the  air  compressor,  suggesting 
the  inevitable  conclusion,  that  the  difference  in 
first  cost  when  invested  in  the  most  econom- 
ical compressor  earns  a  handsome  interest, 
through  the  saving  effected  in  reduced  power 
consumption  and  general  operating  expenses. 
"The  comparative  economy  of  air  com- 
pressors is  not  as  frequently  investigated  and 
determined  as  it  should  be.  In  a  water  pump 
or  steam  engine,  decreased  efficiency  becomes 
readily  discernible,  but  the  deficiencies  of  an 
air  compressor  are  not  as  promptly  brought  to 
view.  Compressed  air,  if  one  would  realize  all 
the  commercial  economies  and  benefits  that 
accrue,  should  be  produced  with  the  best  ma- 
chinery obtainable  and  utilized  with  the  most 
improved  equipment  and  appliances.  For  sim- 
iliar  reasons  a  second-hand  air  compressor,  un- 
less first  repaired  by  a  reliable  maker,  is  rarely 
a  wise  purchase.  Under  any  circumstances  the 
suitability  of  a  second-hand  air  compressor  for 
the  service  intended  should  be  carefully  con- 
sidered, especially  as  to  its  proper  proportion 
for  the  air  pressure  required  and  (if  steam 
driven)  the  steam  pressure  available." 


HIGH  pressure  ga«  distribution  by  the 
Western  United  Gas  &  Electric  Co.  sup- 
plies 24  cities  and  towns  west  of  Chicago, 
the  population  served  being  about  140,000,  and 
the  line  fifty-two  miles  in  length.  The  most 
interesting  feature  of  the  system  is  the  con- 
centration of  all  the  gas  manufacturing  at 
Joliet,  making  all  the  other  consumers  in  the 
district  dependent  upon  the  pressure  lines. 
With  an  initial  pressure  of  50  lbs.  per  square 
inch  at  Joliet.  the  drop  in  the  8-in.  main  to 
Copenhagen,  16%  miles,  is  10  lbs.  From  this 
point  a  6-in.  main  runs  to  Aurora,  7J/  miles, 
with  a  further  drop  of  10  lbs.  From  this  point 
a  line  to  Elgin  consists  of  5  and  4  in.  pipes, 
the  distance  being  2Ti  miles,  and  the  resultant 
pressure  barely  enough  for  the  distribution. 
It  is  proposed  to  introduce  pumping  machinery 
at  Elgin,  in  order  that  the  system  may  be  still 
further  extended,  without  the  necessity  for 
raising  the  initial  pressure  above  50  lbs. 
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Full  specifications  regarding  any  of  these  patents 
may  be  obtained  by  sending  five  cents  to  the  ComwiS' 
sioner  of  Patents.  Washington,  D.  C.  (Stamps  will 
not  be  accepted. » 

832,791.       ROCK-DRILLING    MACHINE    OR    EN- 
GINE.    Henry  Hellman  and   Lewis  C.   Bayles, 
Johannesburg,    Transvaal.      Filed    July    12,     1905. 
Serial   No.    269,407. 
Claim. — In  a   rock-drilling  machine  or  engine,   a  ro- 
tatable   power-cvlinder   having   a   side   port   at    its    for- 
ward end.   a   drill-steel  slidably  and  non-rotatably  held 
at   said    forward   end   of   the   power-cylinder,    and   hav- 
ing  a    passage    extending    longitudinally    of    said    steel 
and  communicating  with  the  side  port  aforesaid,  and  a 
liquid-supply    swivel    loosely    surrounding   the    forward 
end  of  the  power-cylinder   and  having  a  port  in   com- 
munication with  the  side  port  aforesaid. 
832,812.  AIR-COMPRESSING  APPARATUS.    Will- 
lAM  A.  RoHR,  Sorel,  Quebec,  Canada.     Filed  Dec. 
II,    1903.     Serial   No.    184,821. 
Claim. — In    an    air-compressing    apparatus,    the    com- 
bination with  a  base,  a  weighted  rotary  member  adapt- 
ed to  rest  upon  such  base,  and  means  for  rolling  the 
said  member  to  and  fro,  of  a  cylinder,  means  pivotally 
supporting    such    cvlinder    below    the    surface    of    the 
said    base,    means    for    supporting    the    cylinder    m  .an 
angular  position  facing  the  end  of  the  base  from  which 
the   member    rolls,    a   piston   movable    in   the   cylinder, 
a  piston-rod  connected  at  one  end  to  the  piston,  means 
Yielding   supporting  the   said   piston   with   the   opposite 
end    of    the    piston-rod    normally    above    the    level    of 
such  surface  and  in  oosition  to  be  acted  upon  and  de- 
pressed   bv    the    weighted    member,    the    said    cylinder 
being  adapted   to   oscillate   in   a   plane   parallel   to   the 
direction    of   travel    of   the    rotary    member   and    move 
with  the  said  member  while  the  latter  acts  upon  the 

833.oor'''  SYSTEM  OF  REGULATING  FLUID- 
PRESSURES.  Frederick  Robbin,  New  York, 
N    Y      Filed  June  21,  190";.     Serial  No.  266,265. 

833  062.  RELIEF-VALVE.  William  F.  Krichbaum, 
Newark,  N.  L,  assignor,  by  direct  and  mesne  as- 
signments, to  Foster  Engineering  Co..  Newark, 
N.  J.,  a  Corporation  of  New  Jersey.  Filed  Sept. 
s-i,   iQ^S-     Serial   No.   279.795.  _ 

8^3,079.  PRESSURE-REGUL.^TOR.  William  O. 
McCuLLOUGH,    Chicago,    111.      Filed   Jan.    2,    1906. 

8  ^^.^^'sELF^^IiPLENISHING  FLUID  POWER- 
TRANSMITTER.  Percy  F.  Rice,  Tustin,  CaL 
Filed  Tan.  16,  1906.  Serial  No.  206.244. 
833093.  AIR-VALVE  FOR  RADL\TORS.  Henry 
M.  Stevenson,  Perry,  Iowa.  Filed  Aug.  2,  1905. 
Serial   No.   272,426.  „     .  •„       • 

833,149.     LUBRICATOR.     George  H.  Annan,  Provi- 
dence, R.  I.,  assignor  to  Jolt  Lublicator  Company, 
Providence,  R.  I.,  a  Corporation  of  Rhode  Island. 
Filed   Nov.    T,    1905.      Serial   No.   285,41 '• 
833,161.       FLUID-PRESSURE     BRAKE.       Richard 
FiTzr.ERALD,    Chicago,    111.      Filed    July    7.     1903- 
Serial    No.    164,530. 
833  200.       WELL-SlNKING     APPARATUS.       Mat- 
thew T.   Chapman.   Aurora,   111.      Filed  July    15, 
tgoi.     Serial  No.  68.383. 
833,201.       WELL-SINKINC     apparatus.       Mat- 
thew J.  Chapman,   .\urora.   III-     Original   applica- 
tion filed  Sept.  25,  1899-     Serial  No.  731.507-     Di- 
vided   and    this    application    filed    Dec.    15,    1903- 
Serial  No.  185,324. 
Claim. — In    a    well-sinking    apparatus,    the   combina- 
tion of  a  swiveled  head  having  an  air-pipe  connected 
therewith    and   extending   down   into   the   well,   a   swiv- 
eled   well-tube    through    which    said    air-pipe    extends, 
said    air-pipe    opening    into     the     well-tube    below    the 
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level  of  the  water,  whereby  the  water  and  debris  may 
be  discharged  from  the  well,  means  for  rotating  said 
well-tube,  and  a  drill  at  the  lower  end  of  the  well- 
tube,  said  drill  being  hollow  and  having  openings  for 
the  admission  of  water  to  said  well-tube,  substan- 
tially as   described. 

833,206.     AUTO^L\TIC  RAILROAD-SIGNAL.  John 
P.    Egan,    Milfordj    Mass.      Filed   July    18,    1906. 
Serial  No.    -526,739. 
833,215.      PEDAL   ATTACHMENT   FOR   PNEUMA- 
TIC   INSTRUMENTS.      Charles    H.    Hubbell, 
Derby,  Conn.,  assignor  to  The  Sterling  Co.,  Derby, 
Conn.,   a   Corporation.      Filed  Feb.    12,    1906.    Se- 
rial   No.    300,646. 
833,234.     PNEUMATIC-TIRE   SHIELD.     Joseph  H. 
LowREY,  Neola,  Iowa.     Filed  Sept.  26,   1905.     Se- 
rial   No.    280,111. 
833,299.      OIL-BURNER.      Albert   C.    Butler,    Cran- 
dall,  Tex.     Filed  Oct.  6,  1905.     Serial  No.  281,667. 

833.305.  ELASTIC-FLUID  TURBINE.  Charles 
W.  Dake,  Grand  Rapids,  Mich.  Filed  Nov.  29, 
1905.      Serial   No.   289,654. 

833.306.  ELASTIC-FLUID  TURBINE.  Charles 
W.  Dake,  Grand  Rapids,  Mich.  Filed  Nov.  29, 
1905.     Serial  No.   280,657. 

833,325.  REFRIGERATIN^G-MACHINE.  William 
C.  HiESTER,  Dayton,  Ohio.  Filed  July  22,  1905. 
Serial   No.   270,874. 

833,441.      RIVETER.      Samuel    S.    Caskey,    Philadel- 

ehia,    Pa.,    and    Samuel    C.    Bond,    Wilmington, 
>el.;   said   Bond   assignor   to   said   Caskey.      Filed 

April  4,   1902.     Renewed  March  16,   1906.     Serial 

No.  306,347. 
Claim— In  a  riveting  device,  a  hollow  rivet-set  and 
plate-clamping  device,  a  rivet-driving  bar,  means_  for 
operating  said  set  to  bring  the  same  in  proper  position 
wherebv  said  set  clamos  the  plates,  means  for  operat- 
ing the' bar  independently  of  said  set  to  form  the  rivet, 
and  means  within  the  clamping  device  for  engaging  the 
inner  end  of  the  rivet-set  to  limit  the  movement  of 
said  bar  within  the  set  and  prevent  its  passage  there- 
through wherebv  the  head  is  formed  within  the  set. 
833,568.      CH.^KGE-MAKING    MACHINE.      Joseph 

N.  Warner,  St.  Paul,  Minn.     Filed  Nov.  18,  1905. 

Serial  No.  288,002. 
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Claim. — The  combination  witii  a  fluid-pressure-dis- 
tributing valve,  of  a  bill  adapted  to  be  perforated  to 
indicate  the  money  received  and  the  items  of  pur- 
chases, and  change  making  and  delivering  mechanisms 
controlled  by  the  flow  of  pressure  through  the  per- 
forations in  said  bill  to  discharge  the  desired  change. 
833,368.       PRESSURE-REGULATED      AIR-VALVE. 

Zeno  C.  Brewster,  Oxford,  N.  Y.     Filed  June  20, 

1905.      Serial    No.    266,184. 


Claim. — In  an  air-compressor,  the  combination  of  an 
air-intake  p'ipe  having  one  end  open  toward  the  at- 
mosphere, a  valve  adapted  to  move  toward  and  from 
the  open  end  of  the  intake-pipe  and  having  one  side 
subject  to  the  pressure  of  the  atmosphere,  springs 
acting  on  the  valve  in  conjunction  with  the  atmos- 
pheric pressure,  and  a  connection  whereby  the  other 
side  of  the  valve  is  subject  to  the  pressure  of  the 
compressed  air. 

833,570.       AUTOMATIC     PRESSURE-RETAINING 
X'ALVE.      Alonzo    Ashcr.'^ft,    Fort    Smith,    Ark. 
Filed  Nov.   29,    1905.     Serial  No.  289,616. 
833,702.  AUTOMATIC  FLUID-COUPLING.  Charles 
H.    ToMLiNSON,    Denver.    Colo.,    assignor    to    The 
Tomlinson  Coupler  Company,   Denver.  Colo.   Filed 
Sept.   22,    1905.      Serial   No.   279,623. 
833,710.     PNEUMATIC  TOOL.     Nathan  W.  Fletch- 
er,    Chicago    Heights,     111.,     assignor    to    Turbine 
Motor  Toql  Company,  Chicago,  111.,  a  Corporation 
of    Illinois.        Filed    May     20,     1904,        Serial     No. 
208,981. 
Claim. — The  combination   of  a  supporting-plate  pro- 
vided  between   its   ends   with   a   curved   portion   having 
opposite,  parallel,  concave  and  convex  surfaces,  a  base- 
plate attached  to  the  upper  surface  of  said  supporting- 
plate,    a    motor    mounted    on    said    base-plate,    a    tqol- 
spindle     mounted     in     said     supporting-plate,     driving 
means   connecting   the    rotative    member    of   the    motor 
with  said  tool-spindle,  a  saddle-block  having  a  concave 
surface  adapted  to  fit  the  convex   surface  of  said  sup- 
porting-plate, and  a  clamping-bolt  inserted  through  the 
curved    portion    of    the    supporting-plate    and    through 
said  saddle-block. 

833,938.  CHANNELING-MACHINE.  William 
Prellwitz,  Easton,  Pa.,  assignor  to  The  Ingersoll- 
Sargeant  Drill  Company,  New  York,  N.  Y.,  a  Cor- 

§  oration  of  West  \'irginia.  Filed  April  i,  1905. 
erial  No.  253,248. 

833.939-  STRAIGHTWAY  VALVE.  WillUm  T. 
Rider,  Coxsackie,  N.  Y.  Filed  March  10,  1905. 
Serial   No.   249,424. 

833,981.  DETACHABLE  PNEUM.^TIC  TIRE. 
Charles  S.  Scott,  Cadiz,  Ohio.  Filed  Oct.  30, 
1905.      Serial   No.  285,059. 

833,992.  AIR-BRAKE  FOR  AUTOMOBILES.  Alex- 
ander WiNTON  and  Harold  B.  .Asdersom,  Cleve- 
land, Ohio,  assignors  to  The  Winton  Motor  Car- 
riage Company,  a  Corporation  of  Ohio.  Filed 
Aug.  10,   1005.     .Serial   No.  273,631. 

834,012.  AUTOMATIC  GLASS-BLOWING  APP.X- 
RATUS.  Fred  S.  Lewis,  Port  Allegheny,  Pa., 
assignor  of  one-fourth  to  William  J.  Edgar,  Port 
Allegheny,  Pa.  Filed  Feb.  17,  1906.  Serial  No. 
301,666. 

834,067.  SAND-BLAST  APPARATUS.  Charles  A. 
Lodghman  and  Karl  Hess,  Braddock,  Pa.  Filed 
Nov.  13,    1905.     Serial  No.  287,141. 

834.116.  SANDING  DEVICE.  James  W.  Foixey, 
Newport  News,  Va.  Filed  April  21,  1906.  Se- 
rial   No.    313,060. 


^^■*' K(^R  <Vnur/Kll^'^^-^^PPLJ  APPAJ^ATUS 
lOR  ATO-MIZLRS.  Charles  E.  Campbell.  Ash- 
land, Ohio,  assignor  to  The  Faultless  Rubber  Com- 
pany,  .\kron,  Ohio,  a  Corporation  of  Ohio.     Filed 

o       ^''°-    'f,r.'9o6.      Serial   No.   300,890. 

834.343.  AIR-BRAKE  APPAR.XTUS.  Walter  V. 
1  urner,  Wilkinsburg,  and  Edward  A.  Wright. 
fc-dgewoqd  Park,  Pa.,  assignors  to  The  Westing- 
house  Air  Brake  Company,  Pittsburg,  Pa.,  a  Cor- 
poration of  Pennsylvania.  Filed  Feb.  17.  iocs. 
."serial   No.   246,025.  ' 

834.344.  FLUID-PRESSURE  BRAKE.  Walter  V 
Turner,  Wilkinsburg,  Pa.,  assignor  to  The  West- 
inghouse  Air  Brake  Company,  Pittsburg,  Pa.  a 
Corporation  of  Pennsylvania.  Filed  Aug  22 
1903.  Renewed  March  15.  1906.  Serial  No. 
306,260. 

834,.t4i.      ROCK-DRILL.     TnqMAS   E.   Adams,   Cleve- 
land,   Ohio.      Filed    July    29,    1905.      Serial    No. 
271,806. 
Claim. — In  a  drill,  the  combination  with  a  barrel    of 
a  drive-piston  in  the  barrel,  a  driven  piston  in  the  bar- 
rel,   and    manually-controlled    means    for    maintaining 
air  at  proper  density  between  said  pistons  and  similar 
means  for  maintaining  the  air  at  proper  densitv  on  the 
opposite  sides  of  the  pistons  to  compel  the  driven  pis- 
ton to   move  with  the  driver. 

834.522-.  ROCK-DRILLING  MACHINE  OR  EN- 
GINE. He.vry  Hellman  and  Lewis  C.  Bayles. 
Johannesburg,  Transvaal.  Filed  Jan.  11.  igoc- 
Serial  No.  240,661. 
834.626.  UNLOADER  FOR  SINGLE-ACTING  COM- 
PRESSORS. Frederick  Van  Duzer  Longacre 
New  York,  N.  V.,  assignor  to  Ingersoll-Rand  Com- 
pany, New  York,  N.  Y.,  a  Corporation  of  New 
Jersey.     Filed  Nov.  23,  1904.     Serial  No.  234,011. 


^m/f    tfcr/ifCf 


C/aim.  —  .\n  air-coniprcssor,  a  discharKe-valve  there- 
for and  an  unloader  comprising  a  valve-box.  its  cham- 
ber having  a  pressure-supply  port,  a  discharge-valve 
port  in  communication  with  the  back  of  the  discharge- 
valve,  and  an  exhaust-port,  a  valve  arranged  to  al- 
ternately open  and  close  communication  from  the 
pressure-supply  port  and  the  exhaust-port  to  the  dis- 
charge-valve port  and  electrically-controlled  means  for 
operating  the  valve. 

834,641.  PNEUM.\TIC  HAMMER'.  Conrad  Pro- 
NER,  Wiencr-Ncustadt,  Austria-Hungary.  Filed 
Dec.  29,  1903.  Serial  No.  187,050. 
834,837.  AIR-BRAKE  BLEEDING-VALVE.  Her- 
bert .\.  Miner,  Logansport,  Ind.,  assignor  of  one- 
half  to  Charles  P.  McCaffrey,  Logansport.  Ind. 
Filed  June  12.  1906.  .'Serial  No.  321,417. 
832.6>;i.      ELKCTRIC.M.LV-    I  iv  J  \   J  >    1     v- 

M'OTOR.    Gaston  .\.  Bbonder.  Brooklyn.         Y. 
•        Filed  Feb.  i.    iqoi.     Serial  No.  143.134. 
834,937.      AIR-STR.\lNER.      Frank    IIobinson,    Ban- 
gor,    Me.,    assignor    to    The    Robinson    Company, 
Bangor,     Mc.,    a    Corporation    of    Maine.      Filea 
March    12,    1906.      Serial  No.   305,520. 
834,997.      DUST-REMOVER    ANI3    AIR.PURIFIER. 
Richard  J.   Radikk,  St.  Clair.  Mich.     Filed  April 
21,   1906.     Serial  No.  313,087. 
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834,627.  UNLOADER  FOR  COMPOUND  COM- 
PRESSORS. Frederick  Van  Duzer  Longacre, 
New  York,  N.  Y.,  assignor  to  Ingersoll-Rand 
Company,  New  York.  N.  Y.,  a  Corporation  of 
New   Jersey.      Filed   Nov.    23,    1904.      Serial   No. 


234,012. 


*/    7  Vi 

Claim. — A      compound      air-compressor,      discharge- 
valves  therefor  and  an   unloader  provided  with  a  plu- 
rality of  valve-chambers,   each  valve-chamber  having  a 
pressure-supply  port,  an   exhaust-port  and   a    discharge 
valve  port  in  communication  with   the  back  of  one  of 
the    discharge-valves,    a   valve    for    alternately    opening 
and   closing   communication    from    the    pressure-supply 
port   and   exhaust-port  to   the   discharge-valve  port  and 
electrically-controlled   means   for   operating  the  valves. 
835,005.     WHEEL-TIRE.     Arthur  S.  Allen,  Brook- 
line,    Mass.      Filed    March    6,    1905.      Serial    No. 
248,466. 
835,184.      GATE.      William    P.    Elliott   and    Will- 
iam P.  Elliott    Jr.,  Chicago,  111.     Filed  Aug.  zy, 
1906.     Serial   No.    332,218. 
835,247.      SHOCK-ABSORBER.      Charles    Morgan, 
South  Orange,  N.  J.     Filed  Jan.  11,  1906.     Serial 
No.  295,605. 
835,261.       ROCK-DRILL.       Clark     J.     Smith,     Ot- 
tumwa,   Iowa,  assignor  to  The  Hardsocg  Wonder 
Drill   Company,   Ottumwa,   Iowa.     Filed  Aug.    12, 
1905.     Serial  No.  273,930. 
835,291.     AUTOMATIC  AIR-COMPRESSOR.     John 
Rogers,    Bridgeport,    Conn.      Filed   Nov.    6,    1905. 
Serial  No.  286,037. 


Claim. — An  air-compressor  comprising  a  cylinder 
having  induction  and  eduction  connections  and  induc- 
tion and  eduction  valves,  a  pipe  leading  from  the  in- 
duction-valve, m.eans  whereby  fluid  in  said  pipe  will 
actuate  the  eduction-valve,  a  float  and  intermediate 
connections  whereby  when  the  cylinder  is  filled  the 
induction-valve  is  closed  and  water  permitted  to  pass 
through  said  pipe  to  open  the  eduction-valve,  and  when 
the  cylinder  is  emptied  the  induction-valve  is  opened 
and  the  eduction-valve  drained  through  said  pipe  and 
induction-valve  and  permitted  to  close. 
835,391.  WATER-ELEVATING  APPARATUS. 
Frank  Allison,  Chattanooga,  Tenn.  Filed  Nov. 
25,  1905.  Serial  No.  289,093. 
Claim. — A  water-elevating  apparatus  comprising  a 
pair  of  tanks  having  check-valved  supply  and  dis- 
charge connections  at  their  lower  ends,  a  source  of 
compressed-air  supply,  a  chest  communicating  there- 
with and  with  the  upper  portions  of  the  tanks,  a 
piston-valve  operated  in  said  chest  to  alternately  con- 
trol the  supply  and  exhaust  of  air  to  and  from  the 
tanks,  air-feed  pipes  communicating  with  the  source 
of  air-supply  and  leading  into  the  upper  portions  of 
the  tanks,  vent-pipes,  combined  air  feed  and  exhaust 
pipes  leading  from  the  source  of  air-supply  to  the  re- 
spective ends  of  the  chest,  valves  connecting  said  pipes 
and  each  having  an  oscillatory  valve  member  adapted 
in  one  position  to  connect  the  air-feed  pipes  with  the 
combined  air  feed  and  exhaust  pipes  and  in  another 
position  to  connect  the  latter-named  pipes  with  the 
vent-pipes,  levers  centrally  pivoted  to  the  stems  of 
said  valve  members,  a  weight  connected  to  one  end  of 
each  lever,  a  bucket  disposed  in  each  tank,  and  a 
connection  between  said  buckets  and  the  other  end 
of  the  lever. 

835,442.  AIR-RELIEF  FOR  LIQUID-RECEP- 
TACLES. Lewis  Landau,  San  Francisco,  Cal., 
assignor  to  Landau  Economic  Siphon  Company, 
San  Francisco,  Cal.,  a  Corporation  of  California. 
Original  application  filed  Dec.  7,  1905.  Serial 
No.  290,739.  Divided  and  this  application  filed 
May  31,   1906.     Serial  No.  319,641. 

835.467.  'ENGINEER'S  VALVE.  William  K.  Ran- 
kin, Philadelphia,  Pa.,  assignor  to  John  E.  Rey- 
burn,  Philadelphia,  Pa.  Filed  Jan.  3,  1906.  Se- 
rial  No.    294,379. 

835.468.  ENGINEER'S  VALVE.  William  K.  Ran- 
kin, Philadelphia,  Pa.,  assignor  to  John  E.  Rey- 
burn,  Philadelphia,  Pa.  Filed  Jan.  30,  1906.  Se- 
rial  No.    298,693. 

935,589-      PNEUMATIC    TOOL.      Wells    Wheeler, 
East  Pittsburg,   Pa.,  assignor  of  one-half  to  Frank 
W.  Chattin,  Butte,  Pa.     Filed  Dec.  23,   1905.     Re- 
newed- Oct.  3,   1906.     Serial  No.  337,277. 
Claim. — In  a  percussion  implement,  the  combination 
of   a   tool-actuating   cylinder,    a   piston   therein,    a  com- 
pressing-cylinder    and    piston    therein,    connections    be- 
tween   said    cylinders,    a    by-pass    connecting    the    ends 
of   the  compressing-cylinder,   and   valve  mechanism   ar- 
ranged  to   keep   said   by-pass    open   during   a   predeter- 
mined   number    of    reciprocations    of    the    compressing- 
piston  and  close  the  same  during  the  next  reciprocation 
of  said  piston. 

835.775.  PRIMARY  PNEUMATIC  VALVE.  George 
P.  Brand,  New  York,  N.  Y.  Filed  Jan.  31,  1905. 
Serial    No.    243,464. 

835,774.  AIR  TENSION-MOTOR.  George  P.  Brand, 
New  York,  N.  Y.  Filed  Jan.  15,  1904.  Serial 
No.   189. loi. 

835.776.  TRACKER-BAR  FOR  PNEUMATIC 
PLAYERS  FOR  MUSICAL  INSTRUMENTS. 
George  P.  Brand,  New  York,  N.  Y.  Filed  Feb. 
21,    1901;.      Serial   No.   246,865. 

835.777.  MEANS  FOR  AUTOMATICALLY  CON- 
TROLLING PNEUMATICALLY  ACTUATED 
DEVICES.  George  P.  Brand,  New  York,  N.  Y. 
Filed  Tan.   16,   1906.     Serial  No.  296,313. 

835.778.  PNEUM.\TIC  VALVE-SEAT.  George  P. 
Brand,  New  York,  N.  Y.  Original  application 
filed  Jan.  13,  1905.  Serial  No.  243,463.  Divided 
and  this  application  filed  Feb.  10,  1906.  Serial 
No.   3oo,4-?2. 

835,782.  PNfiUMATIC  FAN.  John  H.  Creveling, 
New  York,  N.  Y.,  assignor  to  Safety  Car  Heating 
&  Lighting  Company,  a  Corporation  of  New  Jer- 
sey.    Filed  Nov.   18,   1901.     Serial  No.  82,716. 

835,808.  TIRE.  Henrv  T.  Bragg,  Yonkers,  N.  Y. 
Filed  Jan.   16,   1906.     Serial  No.  296,260. 
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THE  NEW  BLISS-LEAVITT  TOR- 
PEDO    FOR     THE     UNITED 
STATES    GOVERNMENT 

It  is  Oper.\ted  by  Re-he.\ted  Compressed  Air. 

The  new  Bliss-Leavitt  torpedo  embodies  the 
latest  improvements  in  torpedo  design  and  con- 
struction and  also  embraces  many  features  pe- 
culiarly its  own.     The  new  weapon  has  been 


described  in  great  detail  in  the  Journal  of 
United  States  Artillery  and  we  are  indebted 
also  to  the  manufacturers,  the  E.  W.  Bliss  Co., 
of  Brooklyn,  N.  Y.,  for  the  illustrations  which 
we  are  enabled  to  produce,  showing  the  new 
torpedo  ready  for  service,  and  also  during 
various  stages  of  its  manufacture. 

The  new  torpedo  conforms,  in  its  external 
appearance  and  in  the  leading  features  of  its 
internal  subdivision  and  method  of  control,  to 
the  Whitehead,  but  in  size,  power,  speed,  range 
and  accuracy  it  far  surpasses  it.  The  i8-ih. 
torpedoes  have  a  length  of  16  ft.  6  in.  The 
charged  weight,  ready  for  ejection,  is  1.300  lbs. 
They  have  an  effective  range  of  2,000  yards, 
as  against  1,500  yards  for  the  Whitehead  tor- 
pedo. Their  speed  is  36  knots,  as  against  28 
knots.  The  21-in.  torpedoes,  the  largest  size, 
have  a  guaranteed  range  of  3,600  yards,  and 
will  probably  reach  4,000  yards. 

The  shell  of  these  torpedoes  is  composed 
essentially  of  three  parts,  namely,  a  central 
flask,  a  head  and  an  after  body  which  con- 
tains the  turbine  for  operating  the  propellors, 
the  immersion  chamber  for  regulating  the 
depth  of  the  torpedo  beneath  the  surface  of  the 
water  and  the  gyroscope  gear  by  which  the 
torpedo  is  automatically  steered  and  main- 
tained on  its  proper  line  of  flight.  The  float, 
which  is  a  little  over  one-half  of  the  total 
length,  is  made  of  a  special  steel  having  an 
elastic  limit  of  90,000  lbs.  and  a  tensile 
strength  of  128.000  lbs.  It  is  delivered  to  the 
works  as  a  cylinder  having  a  thickness  of  over 
r  in.  and  is  turned  down  to  a  thickness  of  3-8 
in.  This  is  done  as  a  precaution  in  order  to 
reveal  any  defects  in  the  metal.  The  great 
strength  is  required  by  the  use  to  which  the 
flask  is  to  be  put.  It  serves  as  a  reservoir  for 
the  air  operating  the  engine,  and  is  charged  at 
a  pressure  of  2,250  lbs.  to  the  square  inch.  The 
ends  of  the  flask  are  closed  by  a  dished  plate 
resembling  the  manhole  plate  of  a  boiler.  This 
plate  rests  against  a  ring  secured  within  the 
flask. 

The  after  portion  of  the  torpedo,  or  the  tail, 
contains  in  its  forward  end  the  engine  which 
drives  the  propeller.  The  torpedo  is  operated 
by  a  turbine  engine  of  the  Curtis  compound 
type,  having  two  wheels  11  ins.  in  diameter  and 
each  having  84  buckets.  The  wheels  make 
1,200  r.  p.  m.  The  engine  develops  no  h.  p.  as 
■against  35  to  40  in  the  3-cylinder  engines  here- 
tofore employed. 

It    should   be   mentioned   here   that    the    re- 
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markably  high  efficiency  in  speed  and  range  of 
the  new  torpedo  is  due  to  the  use  of  a  super- 
heating process  applied  to  the  compressed  air. 
This  consists  of  a  flame  which  is  automatically 
ignited,  the  instant  the  torpedo  is  launched 
from  the  tube,  and  which  burns  during  the 
entire  run.  The  compressed-air  flask  con- 
tains a  burner  or  pot  the  flame  of  which  is  fed 
automaticallv    with    alcohol.      The    flow    is    so 


fected  b}^  means  of  a  vertical  diaphragm,  on 
one  side  of  which  is  the  water,  which  is  al- 
lowed to  enter  by  holes  provided  in  the  shell 
for  that  purpose,  and  on  the  other  side  a  series 
of  coiled  springs,  the  water  pressing  against 
the  diaphragm  on  one  side,  and  the  springs 
pressing  the  diaphragm  in  the  opposite 
direction  on  the  other  side.  The  springs  are 
adjusted   so   that   their   pressure   shall   exactly 
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regulated  that  an  even  and  steady  temperature 
is  maintained  in  the  air  flask. 

The  propellor  shaft  is  driven  directly  from 
the  engine.  The  rear  propeller  is  rigidly 
mounted  on  the  shaft,  while  the  forward  one 
is  carried  by  a  sleeve.  The  latter  propellor 
is  moved  in  the  opposite  direction  by  means 
of  the  usual  system  of  three-bevelled  gears. 
This  ensures  an  even  keel.  With  the  intro- 
duction of  the  cigar-shaped  torpedo  came  the 
double  driving  propellers — two  sets  of  blades 
carried  on  the  same  shaft,  but  turning  in  op- 
posite directions.  Rigid  vertical  fins  were 
tried  for  the  purpose  of  keeping  the  torpedo 
on  an  even  keel,  but  not  with  much  satisfac- 
tion. 

Immediately  astern  of  the  compartment  con- 
taining the  turbine  is  the  apparatus  for  main-* 
taining  the  proper  depth  of  immersion  and  for 
steering.     The  regulation  of  the  depth  is   ef- 


equal  the  pressure  of  the  water  at  the  given 
depth  at  which  the  torpedo  is  to  travel.  If  the 
torpedo  descends  below  that  depth,  the  water 
pressure,  overcoming  the  spring  pressure, 
pushes  the  diaphragm  inwardly.  If  the  tor- 
pedo is  above  the  desired  depth,  the  springs 
overcome  the  water  pressure,  and  push  the 
diaphragm  outwardly.  The  centre  of  the  dia- 
phragm is  attached  to  levers  and  rods  which 
pass  through  the  tail  of  the  torpedo  and  act 
on  a  pair  of  horizontal  rudders,  throwing  them 
up  or  down,  according  as  the  diaphragm  is 
pressed  inward  or  outward,  and  thus  correcting 
the  deviation  of  the  torpedo  from  the  hori- 
zontal plane  at  which  it  is  designed  to  travel. 

Astern  of  the  immersion  chamber  is  located 
the  steering  geer.  The  direction  of  flight  is 
preser\'ed  by  a  modified  Obry  gear.  This 
consists  of  a  small  gyroscope  wheel  so  con- 
nected that  any  deflection  of  the  main  body  of 
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the  torpedo  from  tlie  true  course  is  corrected 
by  the  action  of  two  small  rudders.  The  action 
is  quick  and  positive.  The  gyroscope  wheel 
is  a  sphere  of  steel  about  as  large  as  a  base- 
ball, and  weighing  less  than  2^  lbs.  It  is 
driven  in  a  most  effective  and  ingenious  way. 
One-half  of  the  wheel  spindle  is  hollow  to  re- 
ceive air  from  the  flask.  The  wheel  proper 
is  formed  with  a  series  of  channels  arranged 
in  a  central  plane  vertical  to  the  spindle.  The 
channels  are  placed  tangentially  so  that  the 
escaping  air  acts  on  the  principle  of  the  Barker 


charge  of  125  lbs.  of  wet  guncotton.  This  head 
is  formed  of  two  halves,  cut  longitudinally  and 
brazed  together,  this  joint  being  made  after  a 
saw-tooth  pattern.  So  accurately  is  this  job 
performed  that  it  is  impossible  to  detect  the 
joint  being  made  after  the  piece  has  been 
finished. 

The  Bliss  Company  has  perfected  a  very 
perfect  machine  for  cutting  the  buckets  of 
the  turbine  wheels.  These  buckets  are  made 
integral  with  the  body  of  the  wheel.  The 
machine  resembles  a  double  spindle  lathe,  the 
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mill.  By  this  means  a  speed  of  18,000  r.  p.  m. 
is  obtained.  If  the  torpedo  tends  to  deflect  to 
the  right  or  to  the  left,  this  gyroscope  turbine 
maintains  its  original  position,  and  its  an- 
gular motion  with  regard  to  the  torpedo  (or 
to  speak  more  accurately,  the  angular  motion 
of  the  torpedo  about  the  gyroscope)  serves  to 
actuate  a  mechanism  which  turns  the  vertical 
rudders  to  the  right  or  left,  and  corrects  the 
deviation. 

Each  torpedo  is  provided  with  two  heads — 
a  practice  and  a  war  head.  When  fired  with 
serious    intention    the    war    head    contains    a 


work  being  held  on  the  tail  stock.  There  are 
two  cutters  which  alternately  recede  and  ad- 
vance toward  the  rim  of  the  wheel,  wiiich  is 
held  in  a  horizontal  position.  At  the  same 
time  the  cutters  revolve  about  a  common  cen- 
ter. One  cutter  operates  on  one  wall  of  the 
bucket  and  the  other  on  the  opposite  wall. 
The  result  is  a  bucket  perfect  in  contour  and 
having  highly-finished  surfaces. 

The  above  particulars  are  from  an  interest- 
ing account  in  the  U.  S.  Journal  of  Artillery, 
and  it  will  be  interesting  to  see  how  these  tor- 
pedoes act  on  trial. 
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WHAT  THE  BUYER  WANTS 
BESIDES   SPEED 

Apropos  of  the  use  of  compressed  air  on  a 
motor-car,  there  is  no  reason  why  one  or  both 
brakes  should  not  be  operated  by  this  means, 
says  a  contemporary,  nor  why  air  pressure 
should  not  be  used  to  assist  the  inrush  of  the 
mixture  at  high  piston  speeds.  There  is  also 
no  practical  difficulty  in  using  compressed  air 
for  starting  purposes,  which  would  be  a  great 
boon.  The  average  motorist  is  now  more 
often  than  not  quite  satisfied  with  the  speed 
of  his  vehicle,  but  desires  that  punctures  shall 
be  easily  mended,  and  that  the  power  of  his 
engine  should  be  more  variable,  so  that  speed 


of  much  value  in  the  study  of  the  behavior  of 
various  materials  at  low  temperatures.  It  is 
generally  assumed,  for  instance,  that  at  very 
low  temperatures  metals  become  brittle  and 
even  fragile,  and  in  numerous  cases,  the  break- 
ing of  steel  rails  in  winter  weather  has  been 
attributed  to  this  cause.  By  the  use  of  a  bath 
of  liquid  air  it  has  been  found  practicable  to 
test  various  metals  and  alloj-s  at  temperatures 
as  low  as  i8o°,  and  this  has  led  to  the  dis- 
covery that  while  many  steels  have  their  ten- 
sile strength  increased,  their  ductility  lowered 
and  their  brittleness  raised  at  low  temper- 
atures, this  is  not  always  the  case.  R.  A.  Had- 
field,   a   well   known   British   metallurgist,   has 
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changing  should  be  as  rare  as  possible.  Six 
cylinders,  or  a  low  gear,  or  a  light  car  with 
a  powerful  engine,  all  achieve  to  some  extent 
this  object ;  but  more  experiments,  having  in 
view  the  increased  flexibility  of  the  engine 
itself,  are  much  needed.  Therefore,  good  as  all 
these  trials  and  contests  are,  we  doubt  whether 
the  buying  public  is  much  interested  in  them, 
for.  as  a  rule,  they  merely  prove  relative  power 
and  speed,  in  which  many  modern  buyers  take 
but  a  languid  interest. 


LIQUID  AIR. 

At  the  time  of  the  first  commercial  produc- 
tion of  liquid  air,  several  years  ago,  a  number 
of  untenable  claims  were  made  as  to  its  prac- 
tical applications.  One  of  the  most  valuable 
uses  to  which  the  liquefaction  of  air  has  been 
put  is  that  of  the  subsequent  separation  of  the 
oxygen  and  nitrogen  by  fractional  distillation 
and  rectification.  The  possession  of  such  a 
substance  as   liquid  air,  however,   has  proved 


shown  that  a  nickel  manganese  steel  can  be 
made  which  will  be  as  tough  if  not  tougher  at 
— i8o°  C.  than  it  is  at  ordinary  atmospheric 
temperatures,  and  this,  too,  without  material 
change  in  the  tensile  strength.  Liquid  air  has 
also  been  used  for  quenching  specimens  after 
tempering,  and  some  instructive  information 
has  been  obtained  about  the  process  of  hard- 
ening in  this  way. 


HARDENING  DRILLS. 

Hardening  an  ordinary  drill  in  sulphuric 
acid  makes  an  edge  that  will  cut  tempered 
steel  or  facilitate  cutting  hard  rock.  The  acid 
should  be  poured  into  a  flat-bottomed  vessel 
to  a  depth  of  about  %  inch.  The  point  of  the 
drill  is  heated  to  a  dull  cherry  red,  and  dipped 
in  the  acid  to  that  depth.  This  makes  the 
point  extremely  hard  while  the  remainder  re- 
mains soft.  If  the  point  breaks,  reharden  but 
with  a  little  less  acid  in  the  vessel. 
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CLEARANCE    IN   A    COMPRESSOR 

AND  ITS  RELATION  TO  VOL- 

EMETRIC  EFFICIENCY 

By  D.  \V.  Heking. 
(Concluded  from  January  number.) 
(3)  With  polytropic  expansion :  The  act- 
ual expansion  curve  as  traced  by  an  'indi- 
cator is  intermediate  between  the  isothermal 
and  the  adiabatic,  and  nearer  the  former  than 
the  latter.  The  polytropic  exponent  n  there- 
fore to  be  used  instead  of  k  is  between  I.41 
and  I.  If  we  could  assume  that  the  expansion 
curve  corresponds  to  that  of  compression,  with 
water  jacketed  cylinders,  n  might  be  taken  at 
about  1.3.  This  value  in  place  of  k  in  equa- 
tions (C)  and  (H)  would  determine  the  vol- 
umetric efficiency  of  the  corresponding  com- 
pressor, and  the  pressure  for  which  the  ef- 
ficiency is  zero.  The  results  in  the  same  cases 
as  above  are  given  in  the  last  column  of  the 
following  table,  in  which  the  volumetric  effi- 
ciencies are  computed  to  the  nearest  per  cent., 
for  various  values  of  clearance  and  pressure, 
assuming  the  air  to  be  initially  at  standard 
barometer  pressure. 


CLEJliURCE 
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62.14 
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o.tt 
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1C61 

coo 

Some  of  these  pressures  are  far  above  what 
would  be  attempted  in  single  stage  compres- 
sion ;  they  are  given  to  show  the  pressure  at 
which  the  efficiency  is  low,  or  in  extreme 
cases  the  limit  at  which  it  is  zero,  and  it  is 
easily  seen  that  to  reach  a  pressure  as  high  as 
one  hundred  pounds  the  efficiency  is  materially 
reduced  if  the  clearance  is  as  large  as  two  per 
cent. 

The  general  equation  Ev  =  -^  —  ^  (T  ' 
can  be  applied  to  any  case,  with  various  val- 
ues of  C  and  r,  by  making  A  equal  to  2  for  iso- 
thermal expansion  of  the  air  in  the  clearancce 
space,  or  equal  to  n,  (say  1.3),  in  a  cylinder 
partially  cooled,  or  1.41  for  adiabatic  expan- 
sion. The  equation  shows  that  for  a  given 
value  of  C   the   efficiency  decreases   as   r  in- 


creases; also  the  larger  n  is,  the  smaller  „ 
becomes  and  the  nearer  E  approaches  to 
unity;  so  that  with  any  given  clearance  and 
ratio  of  compression,  the  volumetric  efficiency 
is  highest  if  the  expansion  is  adiabatic  and 
lowest  if  it  is  isothermal.  The  figures  in  the 
table  exhibit  this  fact  also.  But  it  is  well 
known  that  for  compression  that  is  most  eco- 
nomic of  power  the  conditions  are  just  the 
reverse  of  these. 

A  reference  to  the  diagram  shows  that  the 
steeper  the  expansion  curve  DG,  the  larger 
the  intake  of  air  Fx  ,  and  consequently  the 
higher  the  volumetric  efficiency.  The  adiabatic 
curve  from  D  or  D'  descends  more  steeply 
than  the  isothermal  (D'l),  and  if  the  expand- 
ing air  not  only  has  no  heat  supplied  to  keep 
its  temperature  constant  in  expanding,  but 
actually  has  some  heat  extracted  from  it,  the 
curve  might  be  even  steeper  than  the  adia- 
batic, the  exponent  in  place  of  k  would  be 
greater  than  1.41,  and  this  w-ould  tend  to  offset 
the  disadvantage  in  respect  to  volumetric  ef- 
ficiency that  results  from  cooling  the  air  while 
it  is  being  compressed.  From  this  it  would 
seem  as  if  the  efficiency  might  properly  be 
computed  for  adiabatic  expansion,  but  curves 
of  expansion  as  actually  recorded  by  the  indi- 
cator more  commonly  correspond  to  a  value 
for  n  of  1.25  or  1.3. 

From  such  a  discussion  several  methods  of 
correcting  or  reducing  the  loss  on  account  of 
clearance  suggest  themselves,  which  have  been 
used  separately  or  in  combination:  (a),  with 
a  given  necessary  space  for  clearance,  its  pro- 
portion to  the  volume  traced  by  the  piston  is 
less  the  longer  the  stroke,  so  that  to  use  as 
long  a  stroke  as  the  power  will  permit  is  to 
increase  volumetric  efficiency;  (b),  if  water 
injection  is  used  for  cooling  the  air  during 
compression,  the  water  will  fill  the  clearance 
space  at  the  end  of  the  stroke  resulting  in  a 
complete  discharge  of  the  air  compressed ; 
(c),  the  efficiency  is  higher  with  a  small  ratio 
of  compression  tlian  with  a  large  ratio,  there- 
fore by  compressing  in  successive  stages 
higher  volumetric  efficiency  is  attained  than 
by  single  stage  compression.  For  instance,  re- 
ferring to  the  table,  with  two  per  cent,  clear- 
ance, single  stage  compression  to  51  atmos- 
pheres delivers  about  61  per  cent,  of  air;  the 
same  compression  in  two  stages,  with  r  equal 
to  7.14  in  each  stage,  would  have  an  efficiency 
of  93  per  cent,  in  each,  or  a  final  value  of  86 
per  cent;      Cd").  the  air  within   the  clearance 
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space  may  be  provided  with  a  channel  so  that 
it  does  not  have  its  maximum  pressure  when 
the  piston  recedes.  At  the  instant  the  stroke 
is  completed  a  by-pass  is  opened  automatically 
from  the  small  space  in  front  of  the  piston 
to  the  large  space  behind  it.  Air  rushes  from 
the  former  into  the  latter  and  the  pressure  in 
the  entire  cylinder  is  equalized,  the  resulting 
pressure  being,  even  in  high  compression,  but 
little  greater  than  that  of  the  atmosphere. 
Upon  the  recession  of  the  piston  the  pressure 
on  the  suction  side  falls  to  that  of  the  atmos- 
phere and  new  air  begins  to  enter  the  cylin- 
der, much  earlier  than  it  would  if  the  air  in 
the  clearance  space-  had  not  been  reduced  in 
pressure  by  this  equalizing  process.  The  effect 
of  this  upon  the  volumetric  efficiency  is  strik- 
ing. The  treatment  briefly  offered  here  fol- 
lows von  Ihering,*  who  has  discussed  this 
device  extensively  and  thoroughly,  and  ob- 
tained results  that  conform  closely  to  those 
obtained  in  practice  as  well  as  in  theory  by 
J.  F.  Weiss.** 

Continuing  with  former  notation. 
Let   CVa  =  volume  of  clearance    at    either 
end  of  cylinder, 

and  C'' Fa  =  volume  of  communicating 
channel  past  the  piston. 

Before  equalization,  CF^  Pi  =  product  of 
pressure  and  volume  of  air  in  clearance  on 
high   pressure   side   of  piston, 

(7  -1-  C)  Va  Psi  ==  product  of  pressure  and 
volume  of  air  on  other  side  of  piston. 

Let  P' \  =  common  pressure  on  both  sides 
after  equalization. 

then  {I  +  2C+  C)  ]\  =  total  volume  of 
air  in  cylinder,  both  clearance  spaces,  and  con- 
necting channel,  and 

(7  -f  2C  -\-  O)    Fa  P\  =  product  of  pressure 
and  volume  of  equalized  air. 
If  the  temperature  has  not  been  altered, 
Cl^^Pi  +  {1  +  Q    Fa  Pn  =  {2  +  2C  +  C)  Fa 

P'.    (I) 

Inserting  for  P^  its  value  rP^  ,  (I)  becomes 
{Cr  +  1  +  C)     Fa    P.^^  (I  +  2C  +  C)    V^  P'. 
whence 


7  +  (-7  -f  r;  C 


1  +  2C+  C 

1  +  (1  +  r)  C 


I  +  2C+  C 


.  (J) 


.(K) 


There  can  be  no  serious  error  in  the  as- 
sumption that  the  equalization  is  accomplished 
with  little  change  from  the  original  tempera- 
ture, for  the  waste  space  is  small  compared 
to  the  volume  of  the  cylinder,  and  the  equaliz- 
ing is  so  rapid  that  the  temperature  of  the  air 
in  the  clearance  on  the  compression  side  of 
the  piston  falls  to  practically  the  temperature 
of  the  air  on  the  other  side,  while  that  which 
flows  over  to  the  rear  of  the  piston  there 
mingles  with  a  large  quantity  at  low  pre^.^ure, 
and  does  not  sensibly  raise  the  temperature  of 
the  air  with  which  it  thus  mixes. 

The  quantity  of  new  air  that  will  be  taken 
into  the  cylinder  will  depend  upon  whether 
the  action  from  this  stage  is  isothermal,  adia- 
batic,  or  intermediate  between  these  ex- 
tremes. 

(i)  If  expansion  after  equalization  is  iso- 
thermal :  When  the  pressure  is  equalized 
there  is  the  clearance  a  volume  of  air  CV3, 
at  pressure  P\  .  When  the  piston  recedes  the 
air  in  clearance  expands,  with  pressure  dimin- 
ishing    to    Pa  .        It      then    has      a    volume 

^   P'l 

V'  —  CFa  .    Calling    the    additional    air   that 

will  be  drawn  in  as  the  piston  reaches  the  end 
of  its  transverse  F.r,  and  placing  /•'  for      

/'a 

we  have  Fg  +  6^ /'a  =  Fx  -+-  t''CV\  ,  whence 
i5"v  = =  1  —  C  (r'  —  1) (L> 

Fa 

(2)   If  the  expansion  is  adiabatic :     As  in  de- 
ducing equation  (F),  V  now  becomes  equal  to 


CFa 


(;;■)' 


and  Ex 


C 


[(••)■'-'] 


(3)      With   polytropic  expansion, 
Ey  =  1  —  C  I  (rO 


I  (r')  "   -  l\ 


(M) 


■(N) 


*nie  Geblaese,  II  Theil,  4,  s  Kap, 

--"•^-hrift  der  Vereins  deutsch  Ings,,  1885. 


These  last  three  equations  for  E^  are  like 
the  former  ones  except  that  they  contain  r' 
instead  of  r.  With  a  given  clearance  and 
compression  ratio,  r'  depends  upon  the  size 
of  the  communicating  channel  relatively  to 
the  piston  displacement.  In  the  following 
table  C  has  been  taken  equal  to  o.oi,  r'  is  com- 
puted from  equation  (K),  and  the  volumetric 
efficiency  under  equalization  of  pressure  com- 
pared witli  that  without  equalization. 
(«  =  1.3). 
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Effective  as  this  method  is  in  increasing 
volumetric  efficiency,  it  is  open  to  the  objec- 
tion that  when  the  resistance  to  the  piston  is 
suddenly  released  by  opening  the  by-pass,  the 
compressor  is  liable  to  pound  at  the  end  of 
each  stroke. 


A  LIQUID  AIR  RESCUE  APPAR- 
ATUS 

Mr.  Otto  Simonie,  in  a  paper  read  recently 
gefore  the  North  England  Institute  of  Mining 
and  Mechanical  Engineers,  states  that  after 
some  years  of  investigation  he  perfected  the 
Aerolith,  a  liquid-air  rescue  apparatus,  which 
weighs  about  14  pounds,  is  easily  carried  on  the 
back  without  any  incumberance,  and  gives  an 
absolutely  pure  and  deliciously  cool  air  supply 
for  up  to  3  hours'  working.  It  does  not  con- 
tain any  chemicals ;  it  is  without  complications 
whatsoever;  there  is  not  a  single  valve  in  the 
whole  apparatus ;  and  its  use  does  not  require 
any  special  training. 

Atmospheric  air,  says  Mr.  Simonis,  liquefies 
at  a  temperature  of  — 191  degrees  C,  and  is 
compressed  to  about  the  seven-hundredth  to 
eight-hundredth  part  of  its  original  volume. 
Consequently  i  gallon  of  liquid  air  will  evap- 
orate into  700  or  800  gallons  of  atmospheric 
air.  The  principle  has  been  applied  to  serve  the 
following  purpose : 

A  solid  nickel  receptacle,  well  insulated 
against  atmospheric  influence,  capable  of  ab- 
sorbing I  gallon  of  liquid  air  in  its  asbestos- 
wool  packing,  is  carried  as  a  knapsack.  A  face 
mask,  or  a  miners'  mouthpiece,  is  connected 
through  a  double  tube  connection  with  this 
vessel ;  one  tube  leading  in  a  diagonal  direction 
through  the  vessel  and  thence  leading  into  a 
double  bag  at  the  back  of  this  vessel,  serves  for 
the  air  exhaled,  which  gives  all  its  heat  to  the 
liquid  air  contained  in  the  vessel,  and  so  evap- 
orates it;  and  from  the  top  of  the  liquid  air 
vessel  the  air  evaporated  is  led  through  the 
other  tube  to  the  mouthpiece.  The  second 
bag  is  fitted  with  an  outlet  for  the  exhaled  air 


mixed  witli  any  superfluous  fresh  air  at  over- 
pressure. 

Liquid  air  can  be  stored  in  the  vacuum  ves- 
sels designed  by  Sir  James  Dewar,  and  will 
then,  under  ordinary  atmospheric  conditions 
not  lose  more  than  5  or  10  per  cent,  by  evap- 
oration per  day.  Even  at  the  present  time, 
when  no  purely  commercial  use  for  liquid  air 
has  been  unniversally  adopted,  it  can  be  pur- 
chased for  5$.  ($1.25)  per  gallon;  whereas  it 
can  be  produced  by  small  plants  at  is.  (25 
cents)  per  gallon,  and  by  large  plants  at  6d. 
(1214  cents),  3d.  (6^4  cents)  or  even  less  per 
gallon.  Liquid  air  can  be  transported  with 
absolute  safety  by  rail  or  car.  For  central 
rescue  stations  or  large  coal  mines,  however, 
it  would  certainly  be  desirable  to  erect  an  air 
liquefying  plant.  A  plant,  requiring  about  8 
h.  p., producing  about  one  i  goiion  of  liquid  air 
per  day,  and  not  accupying  more  than  45 
square  feet,  can  be  bought  for  about  400 
pounds,   ($2,000.) 

One  of  the  appliances  has  been  purchased  by 
the  British  Royal  Commission  on  Safety  in 
Mines  for  detailed  experiments  and  research, 
and  a  large  liquid  air  plant  has  been  erected  at 
Baron  de  Rothschild's  coal  mines  in  Austria, 
Aerolith  apparatus  being  substituted  for  all 
the  latest  types  of  mining  rescue  appliances 
heretofore  used. 


COMPRESSED  AIR  AS  AN  INSUL- 
ATOR. 

A  patent  has  been  obtained  by  Prof.  H.  J. 
Ryan  for  means  of  producing  extremely  high 
dialectric  strength.  The  conductors  are  pro- 
vided with  "minor"  insulation  of  the  ordinary 
kind,  which  immediately  surrounds  them.  The 
electrical  apparatus  is  mounted  in  a  compart- 
sufficient  pressure  to  cause  the  density  of  such 
ment  capable  of  withstanding  an  ample  pneu- 
matic pressure.  Air  (or  other  suitable  gas)  is 
then  introduced  into  the  compartment  under 
sufficient  pressure  to  cause  the  density  of  sucli 
gas  to  rise  to  and  be  maintained  at  a  point 
by  virtue  of  which  all  air  (or  gas)  confined 
within  the  compartment  has  attained  a  dielec- 
tric strength  ample  to  withstand  the  pressure 
to  which  the  electric  circuit  thus  insulated  is 
subjected.  For  example,  it  is  estimated  that 
at  a  pressure  of  40  atmospheres  the  dielectric 
strength  of  the  air  should  be  as  great  as  lin- 
seed-nil bond  paper,  at  18  atmospheres  it 
should  be  as  good  as  that  of  micanite  cloth 
and  at  8  atmospheres  it  should  equal  that  of 
melted  paraffin  or  boiled  linseed  oil. 
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COMPRESSED    AIR    ILLNESS    OR 
CAISSON    DISEASE.  * 


A     PHYSIOLOGICAL     AND     CLIN- 
ICAL STUDY. 


By  Thomas  Oliver, 
M.A.,  M.D.,  L.L.D.,  F.R.C.P. 

Professor  of  Physiology    College   of  Medicine 

and  Physician  to  the  Royal  Infirmary, 

Ne-ivcastle-upon-  Tyne. 

In  its  simplest  form,  a  caisson  is  an  iron 
cylinder  somewhat  bell-shaped,  open  at  its 
lower  extremity  and  closed  by  sliding  doors 
at  its  upper.  Leading  out  of  the  upper  part 
on  one  side  is  a  chamber  called  an  "air  lock" 
which  is  separated  from  the  interior  of  the 
caisson  by  an  iron  door  and  also  from  the  out- 
side by  similar  means.  It  is  through  this  air 
lock  that  the  men  enter  and  leave  the  caisson. 
Between  the  sliding  doors  at  the  upper  part 
or  movable  ceiling  of  the  caisson  and  the 
roof  is  a  chamber  or  space  known  as  the  "ma- 
terial lock"'  through  which  the  buckets  filled 
with  soil  are  passed.  When  placed  in  position, 
the  bell-shaped  expansion  of  the  caisson  rests 
upon  the  bed  of  the  river  and  atmospheric  air 
under  pressure  is  pumped  in.  This  by  dis- 
placing the  water  enables  the  men  to  work  in 
a  pneumatic  chamber  wherein  they  are  de- 
pendent for  the  air  they  breathe  upon  that 
delivered  into  the  caisson  by  pipes  from  an  en- 
gine, ancf  as  the  surplus  of  air  escapes  by  the 
bottom  of  the  caisson  ventilation  is  by  this 
means  effectively  secured.  Frequently  a  cais- 
son is  a  much  more  complicated  structure  than 
that  just  described.  It  may  be,  as  at  Newcastle 
upon-Tyne  a  large  iron  chamber  not  unlike  an 
inverted  pudding  dish,  the  roof  of  which  is 
pierced  by  two  or  three  shafts,  each  provided 
in  the  upper  part  with  its  own  air  lock  and 
material  lock  and  with  its  own  iron  ladder, 
leading  down  to  the  working  chamber.  In  vis- 
iting the  viaduct  works  close  to  the  railway 
station  in  Amsterdam  yesterday  I  found  that 
the  contractors  employed  the  Zschokke  lock 
so  that  the  buckets  of  soil  are  removed  by  a 
separate  lock  from  that  by  which  the  men 
enter  and  leave  the  caisson.  This  arrangement 
has  much  to  commend  it. 

To  pass  into  a  caisson  the  workmen  enter 

*  Abstract  of  a  Lecture  delivered  to  the  "  Genoot- 
schap  ter  Bevordering  van  Natuur-,  Genees-  en  Heel- 
kunde",  Amsterdam. 


the  air  lock  and  close  the  outer  door  behind 
them.  Turning  the  cock  of  a  tube  which  leads 
from  the  interior  of  the  shaft  and  regulating 
its  escape,  the  man  in  charge  allows  air  to 
enter  and  to  fill  the  air  lock  and  when  the 
pressure  in  this  chamber  has  come  to  equal 
that  inside  the  caisson,  the  inner  door  hither- 
to kept  firmly  closed  by  the  greater  pressure 
inside  the  caisson  can  now  be  readily  opened 
and  the  men  entering  the  shaft  descend  the  iron 
ladder  to  the  bed  of  the  river  where  the  work 
of  excavation  is  being  carried  on. 

A  few  minutes  are  taken  up  in  passing 
through  the  air  lock.  During  this  period  the 
men  are  undergoing  what  is  called  "compres- 
sion" and  as  the  rise  of  pressure  ought  to  be 
gradual  and  not  too  rapid,  only  trained  men 
should  be  allowed  to  work  the  valves  of  the  air 
lock.  To  new  comers  and  men  who  are  enter- 
ing upon  caisson  work  for  the  first  time  the 
process  of  compression  is  unpleasant.  Unless 
the  workman  has  been  previously  taught  to 
swallow  air  and  pass  it  up  his  Eustachian  tube 
into  the  middle  ear,  the  pressure  upon  the  out- 
er side  of  his  membrana  tympani  may  be  so 
great  as  to  cause  considerable  pain.  In  some 
instances  the  drum  of  the  ear  has  ruptured. 
During  compression,  the  blood  keeps  absorbing 
the  gases  of  the  air  until  the  tension  of  the 
gases  therein  becomes  equal  to  that  of  the 
compressed  air.  When  this  equilibrium  has 
been  attained  there  is  secured  to  the  workman 
immunity  from  immediate  trouble.  The  work- 
man can  remain  in  the  caisson  and  follow  his 
employment  for  a  few  hours  without  experi- 
encing any  inconvenience.  There  are  certain 
things,  however,  that  he  cannot  do  in  the  cais- 
son. He  cannot  whistle  or  shout  as  loudly  in- 
side the  caisson  as  he  can  outside,  but  he  can 
work  as  hard  if  not  harder,  he  can  ascend  the 
iron  ladder  much  more  nimbly  and  with  less 
shortness  of  breath  inside  than  he  could  do  a 
similar  length  of  ladder  outside  the  caisson. 

When  the  workmen  are  coming  ofT  their 
shift  they  pass  into  the  air  lock  and  close  the 
inner  door.  A  procedure  the  reverse  of  that 
on  entering  the  caisson  is  now  gone  through. 
The  men  now  undergo  vfhat  is  called  "decom- 
pression." A  stopcock  attached  to  a  tube  which 
communicates  with  the  external  air  is  turned 
and  the  compressed  air  is  allowed  to  escape 
slowly.  When  the  pressure  inside  the  air 
lock  equals  that  of  the  external  atmosphere 
the  outer  door  is  opened  and  the  men  step  out, 
enveloped  in  a  thick  fog  or  mist.     During  the 
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process  of  "'decompression"  the  cold  in  the 
air  lock  is  often  intense — there  may  be  a  rapid 
fall  of  40°  F.  of  temperature.  It  is  usually 
after  decompression  that  the  symptoms  of 
caisson  disease  or  compressed  illness  develop. 
Since  symptoms  never  come  on  when  the  men 
are  working  in  the  compressed  air  but  always 
after  they  have  come  out  of  it,  the  term  "com- 
pressed air  illness"  is  somewhat  misleading. 
In  small  caissons  only  two  or  three  men  may 
be  employed,  but  in  great  engineering  opera- 
tions such  as  the  building  of  the  railway  bridge 
at  Newcastle-upon  Tyne  the  caissons  are  ver>' 
large  so  that  thirty-five  men  can  work  in  them 
at  one  time.  On  the  Tjme  the  working  cham- 
bers were  113  feet  in  length.  35  in  width  and 
in  height  9  feet  6  inches  and  their  cubic  capaci- 
ty 23,142  feet. 

The  interior  of  the  caisson  was  lit  by  elec- 
tricitj'.  Inside  the  caissons  the  men  are  em- 
ployed in  shovelling  away  the  soil  into  buck- 
ets which  by  means  of  a  chain  and  crane  are 
lifted  up  through  the  two  sets  of  sliding  doors 
in  the  upper  part  of  the  shaft,  between  which 
is  the  material  lock,  and  emptied. 

From  a  physiological  point  of  view  the  air 
inside  the  caisson  ought  to  be  as  pure  as  pos- 
sible. Pure  air  and  plenty  of  it  should  there- 
fore be  pumped  into  the  shafts,  and  the  sur- 
plus air  should  escape  readily  so  that  ventila- 
tion of  the  caisson  is  secured  and  the  pres- 
ence of  gaseous  impurities  that  may  have  ac- 
cidentally entered  the  caissons  during  the  re- 
moval of  the  soil  rapidly  removed.  On  passing 
through  certain  strata  offensive  and  dangerous 
gases  may  be  encountered.  On  the  River  Tyne 
this  has  taken  place  on  two  occasions  when  a 
layer  of  soft  coal  was  being  excavated.  There 
was  an  escape  of  gas,  probably  H,  S.  into  the 
caissons  and  several  of  the  men  became  ill. 
The  amount  of  air  pumped  into  the  caissons 
must  be  large.  Snell,  the  medical  officer  in 
.charge  of  the  Blackwall  Tunnel,  London,  found 
that  while  the  estimated  cases  of  illness  for  ion 
days  were  cSo.9  when  less  than  4,006  cubic  feet 
of  fresh  air  per  man  per  hour  were  supplied. 
and  22.5  when  from  4.000  to  8.000  cubic  feet 
were  supplied,  that  the  numbers  fell  to  8.5 
when  upwards  of  8,000  cubic  feet  of  air  were 
pumped  into  the  cylinders.  It  is  generally  held 
that  the  air  requirements  insisted  upon  by 
Snell  are  excessive  and  that  what  he  considered 
necessary  for  tunnelling  purposes  where  the 
excavations  were  carried  on  in  the  horizonta'. 
and  where  the  escape  of  surplus  air  was  enor- 


mous, do  not  apply  Id  work  done  in  the  per- 
pendicular. ?Snell  is  of  the  opinion  that  9,000 
feet  of  fresh  air  per  man  per  hour  are  neces- 
sary, but  on  the  River  Tyne  it  has  been  found 
that  1.320  cubic  feet  are  sufficient. 

Only  pure  air  should  be  pumped  into  the 
caissons.  When  the  engines  that  pump  in 
the  compressed  air  have  been  working  for  r. 
considerable  length  of  time  they  get  over- 
heated, and  there  is  then  the  risk  of  the  gases 
formed  during  the  decomposition  of  the  oil 
used  for  lubricating  purposes  being  pumped 
into  the  caissons  along  with  the  air  and  these 
render  the  atmosphere  not  only  disagreeable 
but  dangerous  to  the  workmen.  To  overcome 
this  a  layer  of  cold  water  should  be  made  to 
circulate  round  the  cylinders  of  the  engine  so 
as  to  keep  the  temperature  low.  and  only  high 
flash  oils  560°  F.  or  thereabouts  should  be 
used  as  lubricants.  Since  there  is  always  the 
risk  of  an  engine  breaking  down,  there  ought 
to  be  at  all  large  works  two  or  three  engines 
ready  in  case  of  emergency  to  pump  air  into 
the  caissons.  The  surplus  air  usually  escapes 
in  tremendous  volumes  from  the  cutting  edge 
of  the  bell-shaped  part  of  the  caisson  as  it 
rests  upon  the  bed  of  the  river,  but  occasional- 
ly the  caisson  sinks  firmly  into  a  bed  of  clay, 
whereby  the  escape  of  air  is  prevented.  The 
caisson  is  then  said  to  be  resting  upon  a  "wat- 
er-tight" stratum,  and  as  no  air  can  escape, 
it  is  absolutely  necessary  there  should  be 
safely  valves  that  will  act  automatically,  oth- 
erwise the  caisson  might  burst  and  the  results 
be  disastrous.  On  one  occasion  such  an  acci- 
dent happened  in  France  when  all  the  inmates 
were  immediately  killed.  Safety  valves  arc 
therefore  placed  in  the  upper  part  of  the  shafts, 
close  to  the  air  lock,  and  there  are  also  safety 
valves  on  the  engine,  which  cut  out  immediate- 
ly the  pressure  inside  the  caisson  when  it  has 
risen  too  high.  On  the  Tyne  the  safety  valves 
in  the  shafts  of  the  caisson  are  so  arranged  as 
to  act  immediately  and  automatically  whenever 
the  pressure  inside  reaches  '<  lb.  higher  than 
the  maximum  pressure  the  men  have  been 
working  at  for  that  particular  day.  If,  for  ex- 
ample, the  men  have  been  working  in  a  pres- 
sure of  .^o  lbs.  at  low  tide  and  35  lbs.  at  high 
tide  the  safety  valve  in  the  shaft  will  act  auto- 
matically when  the  pressure  rises  to  35'/^  lbs. 
When  the  lower  portion  of  a  caisson  is  resting 
upon  a  "water-tight"  stratum  and  no  air  can 
c^ape,  the  arrangements  arc  such  inside  the 
caisson  that  the  air  can  be  pumped  in  by  two 
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of  the  three  shafts  and  by  tubes  delivered  at 
the  pla'-.e  where  the  men  are  working,  while 
the  valves  in  the  upper  part  of  the  third  shaft 
are  opened,  and  thus  a  circulation  of  air  is 
effected.  Owing  to  the  enormous  weight  of 
some  caissons  and  the  fact  that  they  keep  sink- 
ing as  excavation  proceeds,  it  is  necessary  to 
protect  the  workmen  inside  from  such  acci- 
dents as  might  arise  by  the  caisson  tilting  over 
to  one  side,  or  by  its  suddenly  sinking  into  the 
soil  and  thus  crushing  the  men.  Strong  iron 
girders  therefore  span  the  interior  of  the  cais- 
son, and  the  men  are  not  allowed  to  work 
under  a  girder.  In  the  middle  of  each  girder 
is  a  large  circular  opening  by  means  of  which 
the  workmen  can  pass  from  one  part  of  the 
caisson  to  another.  In  small  caissons,  in 
which  only  two  or  three  men  can  work,  gird- 
ers are  not  required.  The  caissons  on  the 
Tyne  weighed  800  tons,  and  when  the  concrete 
is  added  to  them,  their  weight  is  to,ooo  tons. 
Since  it  is  the  caissons,  when  filled  with  con- 
crete and  their  superadded  concrete  and  ma- 
sonry which  become  the  piers  of  the  future 
bridge  and  will  ultimately  have  to  bear  such 
enormous  weights  as  heavily  laded  railway 
trains,  it  is  absolutely  essential  that  these  cais- 
sons should  be  substantial  and  that  they 
should  rest  upon  a  firm  and  durable  basis.  In 
filling  in  the  interior  of  the  caisson  with  con- 
crete carbonic  acid  is  given  off  from  the  con- 
crete and  as  the  air  impregnated  with  this  gas 
cannot  escape  by  the  bottom  of  the  caisson, 
and  the  gas,  if  retained,  in  the  air  would  be 
harmful  to  the  workmen  in  the  caisson,  pro- 
vision has  to  be  made  for  the  removal  of  the 
gas  and  the  circulation  of  air  by  opening  the 
valves  in  the  upper  part  of  one  of  the  shafts. 
It  is  very  rarely  that  accidents  happen  inside 
a  caisson.  Provision  however  should  be  made 
for  such  a  contingency  in  the  form  of  a  sling 
or  other  contrivance,  whereby  injured  men 
could  be  hoisted  to  the  level  of  the  air  lock. 
As  the  caissons  sink  new  lengths  of  iron  tub- 
ing have  to  be  added  to  the  upper  part  of  the 
shafts  so  that  the  air  lock  shall  always  be  well 
above  high  water  level  mark.  In  tidal  rivers 
the  pressure  inside  the  caissons  rises  and  fall.s 
with  the  tide.  The  pressure  has  to  be  regu- 
lated according  to  the  depth  at  which  the  men 
are  working.  One  pound  pressure  of  air  dis- 
places 2  feet  four  inches  of  water.  Expressed 
in  other  terms,  10  metres  of  water  are  equiv- 
alent to  I  atmosphere.  For  every  33  feet  of 
water  a  pressure  of  15  lbs,  to  the  square  inch 


or  I  atmosphere  is  required,  to  keep  the  water 
out  of  a  caisson.  When  men  are  working  at  a 
depth  of  100  feet  it  requires  a  pressure  of  3 
atmospheres  or  45  lbs.  to  the  square  inch  in- 
side the  caisson.  In  making  use  of  these  fig- 
ures it  has  to  be  remembered  that  the  amount 
of  pressure  stated  is  the  amount  over  and  above 
that  of  the  normal  atmospheric  pressure  viz  : 
15  lbs.  to  the  square  inch,  and  which  is  not  in- 
cluded in  the  amounts  stated. 

It  is  after  all  not  such  a  long  march  from  the 
diving  bell  invented  by  Sturmius  at  the  begin- 
ning of  the  i6th  century  to  the  huge  caissons 
now  in  use,  ahd  which  are  capable  of  holding 
30  to  40  men.  On  the  river  Tyne  there  is  a 
double  shift  of  men,  the  average  number  of 
hours  worked  is  10^  per  day:  viz. 

6       A.  M.  to  8.30  A.  M.  =  lYz  hours 
9.15  A.  M.        I        P.  M.  =  3M     " 
2       P.   M.       6       P.  M.  =  4 


Total  per  day  =  10^  hours. 
'J'he  working  hours  or  shifts  are,  I  think, 
better  arranged  here  than  in  Newcastle.  In 
Amsterdam  I  find  the  men  work  for  4  hour«. 
are  off  for  8  hours  and  again  work  4  hours.  I 
also  observed  with  pleasure  that  the  men  com- 
ing out  of  the  air  lock  all  wore  round  their 
shoulders  a  blanket  shawl  provided  for  them 
by  the  employers. 

HYGIENE   OF   COMPRESSED   AIR. 

The  influence  of  compressed  air  upon  man 
has  been  an  interesting  study  to  the  practical 
engineer,  the  physicist,  and  physiologist.  At  3 
atmospheres  it  is  impossible  to  whistle,  and  the 
voice  has  a  nasal  twang.  Sounds  are  not  con- 
veyed with  their  usual  intensity.  Opinions  dif- 
fer as  to  whether  the  men  are  as  easily 
fatigued.  It  is  generally  admitted  that  they  as- 
cend the  ladders  inside  the  caisson  with  great- 
er ease  and  less  breathlessness  than  they  can 
do  outside.  American  writers  have  stated  that 
at  40  lbs.  pressure  taste  and  smell  lose  their 
acuteness,  but  on  this  point  opinions  are  di- 
vided. The  workmen  do  not  hear  so  well  ow- 
ing to  the  diminished  rate  of  vibration  of  the 
membrana  tympani.  Owing  to  the  increased 
velocity  of  the  waves  the  pitch  of  the  sound  is 
higher.  Respiration  is  slightly  increased.  Un- 
der a  pressure  of  33  lbs.  it  may  rise  to  21  per 
minute,  probably  in  consequence  of  a  dimin- 
ished elimination  of  carbonic  acid.  If  the 
pulse  rate  rises  it  is  only  for  a  very  short  time. 
In  watching  the  circulation  through  the  web  of 
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the  foot  of  a  frog  subjected  to  200  to  300  lbs. 
pressure,  the  circulation  after  the  first  few 
minutes  seemed  to  me  to  proceed  without  any 
apparent  change.  Dr.  Andrew  H.  Smith,  of 
New  York,  believes  that  the  volume  of  the 
pulse  is  smaller  since  the  compressed  air  pre- 
vents the  expansion  of  the  artery,  but  this 
would  impose  more  work  upon  the  heart,  and 
thus  recovery  of  the  volume  would  take  place. 
Owing  to  the  saturation  of  the  air  in  the  cais- 
son with  moisture,  the  hard  character  of  the 
work,  and  that  evaporation  from  the  skin  is 
impaired,  there  is  a  slight  rise  of  the  body 
temperature  according  to  some  authors.  This 
was  not  found  to  be  the  case  in  Hill  and  Mac- 
leod's  experiments.  As  the  clothing  of  the 
men  becomes  permeated  with  moisture,  and 
there  is  a  rapid  fall  of  temperature  inside  the 
air  dock  on  coming  out  during  decompression 
the  men  run  the  risk  of  becoming  chilled. 
Working  in  compressed  air  is  said  to  improve 
the  appetite.  This  would  suggest  increased 
waste  of  tissue.  Under  4  atmospheres  of  com- 
pressed air  Hill  and  Macleod  found  in  one  an- 
imal a  decided  increase  in  the  daily  elimina- 
tion of  urea,  but  not  in  others.  Paul  Bert 
found  the  amount  of  urea  decreased  and  SneH 
no  change  at  all.  There  is  nothing  constant 
therefore  about  the  nitrogeneous  waste.  The 
output  o^COj  is  diminished.  Hill  and  Mac- 
leod exposed  muscle  nerve  preparations  of 
frogs  to  50  to  60  atmospheres  of  oxygen  for 
one  hour,  when  they  found  the  muscle  still  di- 
rectly and  indirectly  excitable.  There  was  no 
alteration  in  the  latent  period  of  stimulation, 
nor  in  the  rate  of  conduction  in  the  nerve.  A 
frog's  heart  exposed  to  the  same  high  pressure 
continued  to  beat  rhythmically  for  nearly  two 
hours.  After  decompression  the  vagus  was 
not  found  to  be  excitable  owing  probably  to 
paralyses  of  the  nerve  terminations  in  the 
heart. 

Exposure  to  high  pressures  of  oxygen  pro- 
duces convulsions  in  most  animals  when  in  the 
compressed  air  chamber,  and  these  may  con- 
tinue after  rapid  decompression.  Convulsions 
are  not  so  likely  to  be  produced  in  animals 
after  rapid  decompression  from  compressed 
atmospheric  air,  but  the  respiration  may  be- 
come embarrased,  and  there  may  be  paralysis 
or  death.  With  compressed  atmospheric  air  it 
was  found  that  convulsions  did  not  occur  until 
12  atmospheres  were  reached  owing  to  intox- 
ication from  the  oxygen  being  too  gradual. 
After   rapid   decompression    from    atmospheric 


air  animals  become  convulsed  owing  to  froth- 
ing of  gas  in  the  heart  and  nervous  system. 
The  convulsions  end  in  paralysis,  but  after 
rapid  decompression  from  oxygen  the  con- 
vulsions still  continue  because  the  oxygen  set 
free  can  maintain  the  life  of  the  tissues.  In 
the  decompression  of  atmospheric  air  it  is 
nitrogen  that  is  set  free.  This  gas  which  forms 
79  per  cent  and  therefore  the  bulk  of  atmos 
pheric  air  is,  when  an  animal  is  subjected  to 
compressed  air,  absorbed  according  to  the  law 
of  partial  pressures.  "Under  i  atmosphere'  100 
c.c.  of  blood  dissolve  1.23  c.c.  of  N2  :  under  4 
atmospheres  4.92  c.c.  of  N  j.  The  same  blood 
giyes  up  3.66  c.c.  of  N,  when  decompressed 
from  4  atmospheres  to  i  atmosphere.  The 
whole  blood  in  the  body  of  a  man  weighing  70 
kilos  would  give  up  130  c.c.  of  N,  ". 

The  tissues  of  the  body  take  up  N2  more 
slowly  but  in  larger  quantity  than  the  blood, 
ten  times  as  much,  hence  the  danger  of  too 
long  shifts  for  men  working  in  caissons.  The 
proof  that  the  gas  which  is  liberated  in  the 
blood  and  tissues  after  rapid  decompression  is 
mainly  nitrogen  has  been  proved  by  the  anal- 
ysis of  the  gases  of  the  blood  obtained  from 
the  right  heart  of  a  dog  which  had  been  in- 
stantly killed  by  the  bursting  of  a  caisson  Hill 
found  15.2  per  cent,  of  CO2  ;  82.8  per  cent,  of 
N2  and  2  per  cent,  of  O2  .  Any  o.xygen  set 
free  during  rapid  decompression  of  atmospheric 
air  is  at  once  absorbed  by  the  tissues. 

S  Y  M  PTC  M  A  TOLOG  Y. 

When  men  are  undergoing  "compression" 
or  are  passing  through  the  air  lock  into  the 
caisson,  beyond  experiencing  unpleasant  sensa- 
tions due  to  pressure  upon  the  membrana  t3mi- 
pani  and  which  can  be  diminished  or  prevent^d 
by  swallowing  air  and  transmitting  it  by  the 
Eustachian  tube  into  the  middle  ear,  no  symp- 
toms arise  during  this  procedure.  Nor  do  the 
men  suffer  when  in  the  caisson  owing  to  the 
fact  that  the  pressure  is  evenly  transmitted  to 
all  parts  of  the  body  by  the  fluids  of  the  body 
It  is  after  the  men  have  finished  their  work, 
have  undergone  decompression  and  come  out 
of  the  air  lock  that  symptoms  develop.  These 
may  show  themselves  in  a  few  minutes,  or  not 
for  some  time,  an  hour  or  more  after  decom- 
pression. It  is  an  interesting  fact  that  the  men 
who  work  the  air  lock  and  the  lower  sliding 
doors  of  the  material  lock  do  not  suffer  from 
caisson  disease.  They  are  exposed  to  the  same 
pressure   as   the  m?n   inside  the  caisson,   but 
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they  liave  no  hard  physical  work  to  do.     This 
freedom   from   compressed   air   illness   on  the 
part  of  these  men   raises  the  question   as   to 
how    far   muscular    fatigue    is    a   predisposing 
cause  of  caisson  disease.     There  are  grades  of 
caisson  disease.     In  the  minor  forms  the  men 
complain  of  severe  pains  in  the  muscles  of  the 
limbs  and  trunk,  which  they  call  '"bends,"  and 
which  experience  has  taught  them  will  disap- 
pear if  they  allow  themselves  to  be  "recom- 
pressed."     Occasionally  there  is  epistaxis  and 
bleeding  from  the  ears.    As  stated  in  a  previous 
part  of  this  lecture  the  symptoms  may  come  on 
a  few  minutes  after  decompression  or  shortly 
after  coming  out  of  the  air  lock,  or  it  may  be 
that  the  workman  is  on  his  way  home  or  has 
reached  home  and  is  at  a  meal,  when  he  is  sud- 
denly seized  with  severe  pains,  becomes  para- 
lyzed or  has  a  bleeding  from  the  nose  or  lungs. 
The   loss   of  power   usually   affects   the   legs: 
once  developed  the  paraplegia  is  for  the  mo- 
ment  complete,   and  is   attended   by   retention 
of  the  urine,  requiring  the  use  of  the  catheter. 
In    the    minor    forms    of    caisson    disease    the 
paralysis  disappears  in  a  few  days  or  weeks, 
but   in  the   severer   forms   it  may  persist   for 
several   months,   be   accompanied   by    loss    of 
sensation  and  also  by  the  development  of  ul- 
cers on  the  heels,  bedsores  on  the  buttocks  and 
}'et  the  patient  may  ultimately  recover.     The 
skin  of  the   feet  and   lower  part  of  the   legs 
often  cracks  and  is  thrown  off  in  thick  flakes. 
Occasionally  the  sj-mptoms  come  on  immedi- 
ately after  a  workman  leaves  the  air  lock.    The 
man  staggers  as  if  intoxicated  and  he  falls.  On 
being  picked  up  by  his  comrades,  he  is  found 
to   be    unconscious,   his   breathing    is    embar- 
rassed,   sometimes    stertorous ;    his   pupils    are 
dilated,  pulse  rapid  and  feeble,   and  the   skin 
cold.     Under   these   circumstances   death   may 
occur    without    consciousness    ever    being    re- 
gained.    Or  it  may  be  that  the  workman  is  so 
enfeebled  generally  that  he  is  unable  to  walk, 
he  is  found  to  have  become  suddenly  childish 
and  weak  mentally.     I  have  seen  men  become 
the    subjects    of    acute    delirium    and    remain 
maniacal  for  two  to  three  days.     Occasionally 
the  men  have  complained  of  loss  of  part  of  the 
held    of   vision,    without   any   aphthalmoscopic 
changes  to  explain  the  defect,  also  of  diplopia 
and  facial  paralysis.     The  symptoms  "f  '-om- 
pressed  air  illness  may  be  ushered  in  by  ver- 
tigo   vomiting   or    difficulty   of   breathing,    ac- 
companied by  cyanosis.     The  men  sometimes 
become    simply   timid   and    hysterical    or   their 


complaint  is  of  such  an  indefinite  character 
that  it  is  difficult  to  say  whether  they  are  not 
malingering.  When  the  muscular  pains  are 
severe,  the  men  are  extremely  restless.  They 
roll  about  in  agony  and  can  only  be  quieted  by 
a  hypodermic  injection  of  morphia. 


THE  PASSING  OF  THE    BROOM 

That  vacuum  cleaners  are  driving  the  broom 
out  of  use  is  asserted  by  a  writer  in  The 
Lancet  (London,  November  24)'  who  con- 
gratulates the  world  on  the  change,  on  hygenic 
grounds.     He  writes : 

"The  broom  threatens  soon  to  be  as  obsolete 
as  the  old  copper  warming-pan,  judging  from 
the  number  of  vacuum  dust-removers  which 
are  being  placed  upon  the  market.  The  change 
is  one  which  must  meet  with  the  unqualified 
approval  of  all  who  know  what  a  breeding- 
ground  of  disease  is  the  common  dust  of  our 
houses.  Every  housewife  who  is  possessed  of 
cleanly  instincts  should  welcome  an  aparatus 
which  removes  dust  instead  of  scattering  it 
in  all  directions,  lost  to  the  senses,  so  to  speak 
for  a  time  by  its  attenuation  in  air,  only  sooner 
or  later  to  settle"  again  on  the  shelves,  pictures, 
curtains,  and  carpets  in  a  thin  film.  More- 
over, the  removel  of  dust  and  its  collection  in 
a  receptacle  by  means  of  the  vacuum-cleaner 
permit  of  its  absolute  destruction  by  fire.  Bac- 
teriological science  can  easily  demonstrate  the 
existence  of  disease  germs  in  common  house- 
hold dust  and  there  is  evidence  of  an  emin- 
ently practical  character  that  dust  is  otherwse 
a  source  of  disease ;  there  could  hardly  be  a 
more  effectual  means  of  spreading  the  infective 
and  irritating  particles  than  the  old-fashioned 
broom.  The  method  is  not  only  unsanitary  but 
absurd  from  the  point  of  view  of  its  aplication. 
The  broom  may  clean  the  surface  of  a  carpet, 
chair,  or  curtain  effectually  enough,  but  the 
dust  is  only  removed  to  be  scattered  elsewhere 
and  to  be  spread  over  an  even  wider  area  than 
before.  The  great  and  important  difference 
between  the  cult  of  the  broom  and  the  vacuum 
cleaner  may  be  summed  up  by  saying  that, 
while  the  former  is  calculated  to  spread  dis- 
ease, the  latter  enables  the  dust  and  its  patho- 
genic contents  to  be  removed  and  destroyed  by 
fire.  The  method  of  removing  dust  by  means 
of  the  vacuum  cleaner  has  therefore  everything 
to'be  said  in  its  favor  and  it  is  to  be  hoped  that 
the  apparatus  will  become  so  moderate  in  price 
as  to  be  within  reach  of  all.     The  passing  of 
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the  broom,  when  it  comes,  to  he  uii  fait  accom- 
pli, will  he  a  fact  of  great  sanitary  signifi- 
cance." 


A    NEW    BLAISDELL    AIR    COM- 
PRESSOR 

It  will  prohabl)-  l)e  of  interest  to  users  of 
compressed  air  to  know  of  a  new  self-oiHng 
air  compressor  which  is  now  being  manufac- 
tured by  the  Blaisdell  Machinery  Company  of 
Bradford,  Pa.  This  company  was  the  first  to 
make  a  self-oiling  machine,  and  the  one  here 


ties  by  the  crank  discs  which  dip  into  the  oil 
chamber.  The  oil  feed  to  all  parts  is  positive 
and  lubrication  starts  and  stops  with  the  ma- 
chine without  attention.  The  oil,  after  being 
used,  drains  back  to  the  chamber,  around  which 
is  cast  a  raised  rib,  which  the  oil  must  over- 
flow in  order  to  re-enter  the  chamber,  thereby 
depositing  any  sediment  outside  the  rim,  from 
whence  it  may  be  drawn  off.  Any  drip  from 
the  front  stuffing  box  enters  and  can  be  drawn 
off  from  a  separate  chamber,  preventing  it  from 
entering  the  oil  chamber.  This  inclosed  type 
of   frame    also   thoroughly   protects   the   parts 


SIDE  VIEW  OF  NEW  BI..\ISDELL  .MR  CO.MPRESSOR. 


illustrated  represents  the  latest  ideas  in  design 
and  construction  of  this  class  of  compressor. 
It  is  known  as  "Class  C"  and  the  machine 
shown  in  the  accompanying  illustration  is  de- 
signed to  be  operated  by  an  85  h.  p.  Westing- 
house  gas  engine.  The  cylinders  are  18  and 
12  X  12  and  have  a  displacement  of  519  cu.  ft. 
of  free  air  per  minute  when  the  compressor  is 
operating  at  150  r.  p.  m. 

The  frame  of  the  machine  is  entirely  en- 
closed, allowing  the  cross-head  pin,  slides,  main 
bearings  and  crank  pins  to  run  in  a  bath  of 
oil,  which  is  fed  to  the  parts  in  copious  quanti- 


froni  dust  and  grit,  preventing  imduc  wear  and 
allowing  tlic  machine  to  be  located  where  most 
convenient.  Cross-head  slides  are  of  flic  I)orcd 
type,  rigidly  supported.  I'illow  blocks  arc  of 
tile  lieavy  duty  type,  well  tied  into  body  of 
frame,  the  jaws  being  rigidly  held  by  the  inter- 
locking bearing  cap.  On  all  single  compressors 
these  frames  are  equipped  vvitii  double  bear- 
ings to  permit  of  center  crank  construction. 

The  compressor  is  mounted  on  a  substantial 
cast  iron  sub-base  in  which  is  contained  the 
intercooler,  situated  directly  under  the  air  cyl- 
inders.   This  cooler  is  made  up  of  a  large  num- 
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ber  of  standard  brass  condenser  tubes  through 
which  the  cooling  water  passes.  Tubes  are 
placed  close  together,  and  by  means  of  de- 
flector, or  baffle,  plates  the  air  is  passed  be- 
tween the  tubes  in  the  form  of  thin  sheets.  The 
cooling  surface  is  very  large  and  the  volume 
of  storage  space  is  ample  to  supply  the  high 
pressure  cylinder  without  causing  the  air  to 
pass  through  the  cooler  too  rapidly.  The  inter- 
cooler  is  entirely  self-contained  and  may  read- 
ily be  removed  from  the  sub-base  if  desired 
Furthermore,  it  is  equipped  with  a  safety  valve 
of  approved  pattern. 


both  top  and  bottom,  having  large  wearing 
surfaces,  and  are  adjustable  by  wedge  and 
screw,  the  bearing  surfaces  being  provided  with 
alternate  strips  of  babbitt  metal.  The  wedge 
screw  is  firmly  locked,  and  is  relieved  of  all 
working  strains  by  two  heavy  tie  bolts  which 
pass  through  the  cross-head  body  and  grip  the 
shoe.  The  cross-head  pin  is  of  the  best  ma- 
chine steel,  hardened;  it  is  of  large  diameter 
and  is  drawn  into  the  cross-head  on  a  taper 
being  easily  removed. 

The  pistons  are  cast  hollow  in  one  piece  and 
are  fitted  with  re-turned  cast  iron  snap  rings, 
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The  main  bearings  are  of  a  design  and  con- 
struction which  is  a  decided  improvement  over 
usual  methods.  They  are  of  the  half-box  type. 
fitted  with  removable  cast  iron  shells  lined  with 
babbitt,  which  is  piened  in  and  carefully  bored. 
Bearing  surfaces  are  unusually  large  and  are 
so  designed  that  the  oil  is  not  wiped  off  by 
close-fitting  edges.  They  are  adjusted  for  wear 
by  wedge  and  screw,  the  latter  being  provided 
with  a  lock  nut. 

The  cross-head  is  a  steel  casting  of  the  box 
pattern,  fitted  with  removable  cast  iron  shoes, 


which  have  a  perfect  bearing  and  uniform 
pressure  on  the  cylinder  walls  at  all  points. 

The  air  cylinders  are  cast  in  one  piece,  both 
cylinders  and  heads  being  thoroughly  water 
jacketed.  They  are  fitted  with  Corliss  air  inlet 
valves  and  poppet  outlet  valves ;  the  Corliss 
valves  being  contained  in  the  cylinder  heads 
which  have  separate  water  jaekets  from  the 
barrel. 

The  weight  of  the  compressor  shown  in  the 
accompanying  illustrations,  machine  and  sub- 
base  complete,  is  16,500  lbs. 
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Vol.  XI.     FEBRUARY,  1907.    No.  11. 

TEX  •■months  ago  we  notified  our  readers 
of  a  change  in  management  and  of  the 
removal  of  our  offices  to  90-92  West 
Broadway,  ft  now  becomes  necessary  to  an- 
nounce another  change  in  address,  our  old 
ofticcs  having  become  entirely  inadequate  to 
accommodate  the  new  members  which  we  are 
adding  to  our  staff. 

The  past  ten  months  have  witnessed  a  re- 
markable growth  both  in  the  number  of  our 
subscribers  and  in  the  number  of  advertisers. 
But,  more  important  than  either  of  these,  is 
the  fact  that  Compressed  .\ir  is  meeting  with 
the  approval  of  its  old  subscribers  as  evidenced 
by  the  small  number  who  have  discontinued 
their  subscriptions  and  the  large  number  who 
have  written  us  complimentary  letters  and 
promptly  enclosed  the  subscription  price  for 
another  year. 

This  is  particularly  gratifying  to  us  as  we 
are  endeavoring  with  all  the  means  at  our  dis- 
posal to  produce  a  magazine  which  will  cor- 
rectly chronicle  every  phase  of  the  application 
of  compressed  air  to  modern  industrial  re- 
quirements. But  in  order  to  do  this  adequately, 
it  is  necessary  that  our  readers  co-operate 
with  us  by  informing  us  of  interesting  and  valu- 
able uses  for  pneumatic  power  wliich  their  experi- 
ence may  have  developed.  It  is  only  by  thus 
interchanging  ideas  that  Compressed  AiR  may 
serve  its  readers  to  their  mutual  benefit. 


THE  ART  OF  CUTTING  METALS 

Probably  one  of  the  most  important  papers 
ever  presented  before  an  engineering  society 
was  the  one  read  before  the  American  Society 
of  Mechanical  Enginers  at  its  last  annual  meet- 
ing, December,  1906,  on  "The  Art  of  Cutting 
Metals,"  by  Mr.  Frederick  W.  Taylor,  retiring 
President  of  the  Society.  While  this  paper 
would  be  obviously  out  of  place  if  reprinted  in 
Compressed  Air,  we  do  not  feel  that  we  can 
let  it  go  by  unnoticed,  as  we  have  no  doubt 
that  many  of  our  readers  will  not  only  be  glad 
to  know  of  it,  but  will  be  able  to  profit  to  a 
great  extent  by  the  information  which  Mr. 
Taylor  has  compiled. 

Mr.  Henry  R.  Towne,  in  commenting  on  this 
paper,  says:  "Mr.  Taylor's  paper  on  'The  Art 
of  Cutting  Metals'  is  a  masterpiece.  Based 
on  what  is  undoubtedly  the  longest,  largest, 
and  most  exhaustive  series  of  experiments  ever 
conducted  in  this  field,  its  summary  of  the  con- 
clusions deduced  therefrom  embodies  the  most 
important  contribution  to  our  knowledge  of 
this  subject  which  has  ever  been  made.  The 
subject  itself  relates  to  the  foundation  on  which 
all  our  metal  working  industries  are  built." 

"About  sixty  years  ago  American  invention 
lifted  one  of  the  earliest  and  most  universal  of 
the  manual  arts  from  the  plane  on  which  it 
had  stood  from  the  dawn  of  civilization  to  the 
high  level  of  modern  mechanical  industry. 
This  was  the  achievement  of  the  sewing  ma- 
chine. About  thirty  years  ago  American  in- 
vention again  took  one  of  the  oldest  of  the 
manual  arts,  that  of  writing,  and  brought  it 
fairly  within  the  scope  of  modern  mechanical 
development.  This  was  the  achievement  of 
the  typewriting  machine.  The  art  of  forming 
and  tempering  metal  tools  undoubtedly  is 
coeval  with  the  passing  of  the  stone  age,  and 
therefore  in  antiquity  is  at  least  as  old,  if, 
indeed,  it  does  not  outrank  the  arts  of  sewing 
and  writing.  Like  them,  it  has  remained  un- 
changed from  the  beginning  until  nearly  the 
present  time.  The  work  of  Mr.  Taylor  and 
his  associates  has  lifted  it  at  once  from  the 
plane  of  empiricism  and  tradition  to  the  high 
level  of  modern  science,  and  apparently  has 
gone  far  to  reduce  it  almost  to  an  exact 
science.  In  no  other  field  of  original  research, 
that  I  can  recall,  has  investigation,  starting 
from  so  low  a  point,  attained  so  high  a  level  as 
the  result  of  a  single  continued  effort.  ♦  *  * 
The  title  of  Mr.  Taylor's  paper  does  scant 
justice  to  the  scope  of  the  work  which  it  re- 
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cords,  for  incidental  to  its  main  purpose  this 
work  included  subordinate  investigations  hardly 
less  radical,  even  if  of  less  importance,  than 
the  main  issue.  Chief  among  these  was  the 
development  of  what  is  now  best  known  as 
the  'Taylor  System'  of  shop  management,  itself 
a  discovery  of  fundamental  importance,  the 
influence  of  which  will  be  felt  ultimately  and 
permanently,  not  only  in  the  metal  trades,  but 
probably  in   all  organized  industry." 

An  instance  of  the  efficiency  of  the  Taylor 
System  is  cited  by  Mr.  Calvin  W.  Rice,  Sec- 
retary of  the  Society,  who  stated  that  he  re- 
cently had  the  opportunity  to  visit  the  Sayles 
Bleacheries,  located  near  Pawtucket,  R.  I., 
where  the  Taylor  System  is  being  introduced. 
He  was  permitted  to  compare  the  record  of  the 
output  of  certain  rooms  before  they  began  to 
introduce  the  system  and  after  it  was  put  into 
operation,  and  these  records  showed  that  even 
in  the  most  simple  matters,  namely,  folding 
cloth,  the  increase  in  output  was  very  great, 
individual  cases  five-fold,  and  the  increase  of 
individual  wages  20  to  40  per  cent.,  the  cost 
per  piece  being  materially  reduced. 

Improvements  in  other  bleacheries  have  of 
course  been  going  on  all  this  while,  so  that 
the  Sayles  have  no  monopoly  in  this  regard, 
but  what  they  do  have  over  their  neighbors  is 
a  Ix-ttcr  class  of  employees,  with  higher  in- 
dividual wages,  freedom  from  labor  difficulties, 
because  the  Taylor  System  does  not  conflict 
with  the  bulls  of  labor  unions,  and,  more  than 
all,  an  organization  capable  of  indefinite  ex- 
pansion to  meet  any  emergency. 

Wliile  we  regret  that  we  arc  unable  to  re- 
produce this  paper  in  Compressed  Air,  we  take 
pleasure  in  informing  our  readers  that  it  is 
being  reprinted  in  full  in  the  Iron  Trade  Re- 
view, and  those  who  are  interested  in  the  sub- 
ject and  who  do  not  have  access  to  the  Trans- 
actions of  the  American  Society  of  Mechanical 
Engineers  will  derive  much  benefit  from  read- 
ing the  paper  as  it  comes  out  in  serial  form  in 
the  above-mentioned  periodical. 


was  successful  in  gold  mining  operations.  In 
1864  Mr.  Clayton  began  manufacturing  water 
and  other  pumps  in  Brooklyn.  He  invented 
many  kinds  of  pumps  and  mechanical  pro- 
cesses, the  best  known  invention  being  the  air 
compressor  which  bears  his  name. 


We  regret  to  announce  the  death  of  Mr. 
James  Clayton,  who  died  at  his  home  in 
Brooklyn,  N.  Y.,  December  31,  1906 at 
the  age  of  85  years.  I n  the  December  number  of 
Compressed  Air  we  were  privileged  to  repro- 
duce a  photograph  of  Mr.  Clayton  and  to  pub- 
lish an  account  of  his  achievements.  He  was 
born  in  Shropshire,  England,  and  came  to  this 
country   in    1849,   going  to    Nevada,  where  he 


MACHINISTS  ARE  WELL  PAID. 

In  every  factory,  mill,  shop,  pressroom,  pow- 
er room,  everywhere  that  complicated  machin- 
ery is  in  active  use,  the  machinery  expert  has 
been  needed  and  supplied,  says  the  Chicago 
Tribune.  From  the  water  pump  in  the  base- 
ment of  some  Chicago  skyscraper  to  the  gang- 
saw  in  a  country  sawmill,  from  the  diepre'ss 
in  some  sweat  shop  to  the  ore  crusher  in  an 
Alaska  gold  mine,  is  the  range  of  the  machine 
expert.  His  is  the  hand  that  effects  the  direct 
marvel  of  the  machine,  whether  its  mission 
be  to  cut  out  cap  or  hat  patterns  or  12-inch 
building  timbers,  whether  it  be  to  supply 
water  to  a  city  building  or  eat  up  the  rock 
of  half  a  mountain  side.  Kipling  has  sung 
the  song  of  men  in  many  mechanical  lines 
of  endeavor,  but  he  overlooked  the  craft  that 
would  have  been  most  prolific  of  inspiration — 
that  of  the  machine  expert. 

That  part  of  Chicago  which  lies  just  across 
the  river  on  the  west  side  and  is  known  as 
the  machine  district  is  the  habitat  of  the  ma- 
chine expert  in  Chicago.  Here  he  originates. 
In  the  factories,  shops,  salesrooms,  foundries, 
offices  of  this  dark,  machine-filled  section  he 
learns  his  trade.  Here  also  he  is  employed. 
From  here  he  may  be  sent  to  almost  any  part 
of  the  world  where  machinery  is  used  to  put 
into  practice  the  knowledge  gained  in  the  vicin- 
ity of  Jefferson  street,  Chicago.  There  are 
several  hundred  kinds  of  him,  just  as  there 
are  several  hundred  kinds  of  machines  that  he 
is  master  of. 

His  age  runs  from  22,  which  is  the  age  of 
the  near  genius  in  the  craft,  to  72,  when  he  is 
a  veteran  of  fifty  years'  experience,  gray- 
headed,  spectacled,  bowed  and  efficient.  There 
is  a  man  with  a  crooked  spine  who  draws  $80 
cverj'  week  he  works  because  he  and  he  alone 
in  a  force  of  a  score  of  employes  knows  just 
liow  a  new  wool  carding  machine  should  be  set 
up,  and  he  can  do  the  work  with  his  own 
hands.  His  crooked  back  doesn't  Inirt  him. 
cither,  in  the  opinion  of  his  employers  or  his 
employers'  patrons.  He  can  make  the  ma- 
chines  that   his   firm   sells   "run."      It   wouldn't 
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make  any  difference  if  he  was  bereft  of  his 
hands  and  did  the  work  with  his  toes;  the 
thing  is,  he  does  it.  Incidentally,  he  got  his 
crooked  back  through  breaking  in,  or  rather 
trying  to  break  in  a  new  man  in  the  trade.  The 
apprentice  turned  on  the  power  before  the  last 
nut  was  tightly  screwed  on.  So  one  of  the 
many  pieces  of  the  machine,  operated  at  a 
speed  of  200  motions  an  hour,  tore  loose  and 
struck  the  expert.  He  was  incapacitated  for 
two  months,  and  his  tirm  lost  much  money 
because  of  it 

The  machine  expert  is  a  specialist.  This 
is  an  age  of  specialism,  and  nowhere  is  spe- 
cializing carried  on  to  such  a  fine  point  as  in 
the  world  of  machinery.  So  intricate  are  the 
workings  and  purposes  of  many  machines  that 
to  thoroughly  master  one  is  often  the  work 
of  a  lifetime.  In  the  largest  and  most  com- 
plicated of  machines  it  is  not  unusual  to  find 
several  specialists  necessary  to  its  proper  erec- 
tion and  operation,  one  having  been  unable 
to  achieve  proficiency  in  the  whole.  In  such 
cases  each  man  is  a  specialist  in  his  part, 
and  just  as  a  surgeon  may  be  an  expert  in 
cranial  operation  and  know  little  about  the 
sucessful  treatment  of  appendicitis,  he  may 
know  no  more  about  the  machine  as  a  total 
than  is  necessary  to  his  own  special  part.  But 
in  most  cases  some  expert,  who  may  or  may 
not  have  "a  gang  of  skilled  workmen  under 
him,  is  responsible  for  the  machine. 

The  expert  invariably  is  exploycd  by  the 
makers  or  selling  agents  of  a  machine.  In 
some  instances  the  purchaser  of  a  machine 
pays  the  cost  of  setting  it  up,  but  the  most 
usual  course  is  to  sell  it  on  condition  that  the 
seller  put  it  into  operation.  It  all  amounts 
to  about  the  same,  the  man  who  buys  is  of 
course  the  man  who  pays.  So  with  a  $2,000 
machine  sold  in  J^Iichigan  may  go  a  $50  per 
week  machine  expert.  His  services  may  be 
required  for  a  week,  it  may  be  but  a  day.  But 
whatever  the  time,  he  stays  until  he  has  seen 
the  power  turned  into  the  machine,  has  seen 
it  turn  out  the  work  for  which  it  was  made 
and  until  the  purchaser  is  satisfied  that  he  is 
getting  what  he  is  paying  for.  Then  he  packs 
his  grip  and  hastens  back  to  Canal  street,  pos- 
sibly to  be  sent  to  Nebraska  the  next  day  on 
the  same  kind  of  errand. 

Sometimes  the  expert  is  salesman  as  well. 
In  that  case  he  looks  after  the  delivery  and 
running  of  the  machine  he  sells.  Sometimes 
he  is  a  partner  of  the  firm,   for  a  thorough 


knowledge  of  the  machinery  liandlcd  by  a 
house  is  a  pretty  good  sort  of  reconuncnda- 
tion  for  a  partnership.  But  in  most  cases  he 
IS  just  an  e.xpert,  paid  for  setting  up  machines. 
In  the  larger  houses  this  is  his  function  ex- 
clusively; in  the  smaller  ones,  where  his  serv- 
ices are  not  continually  required  in  sucli 
work,  he  is  employed  in  tlie  shop,  store  or 
office  when  not  employed  at  his  regular  craft. 
Or  he  may  be  busy  repairing  machines  when 
not  actually  setting  them  up. 

Usually  he  begins  as  an  apprentice  in  the 
shop.  Then  he  becomes  a  fuU-tiedged  work- 
man, and  it  is  then  that  he  shows  that  he  is 
of  the  stuff  that  makes  experts  or  does  not. 
He  usually  attracts  attention  by  showing  that 
he  knows  more  about  the  machines  made  in 
his  shop  than  his  fellow-workmen.  Although 
the  mechanic  is  a  skilled  and  intelligent  work- 
man, the  man  who  knows  the  workings  of  a 
machine  of  which  he  makes  perhaps  one  part 
is  the  exception. 

It  is  from  the  pick  of  these  exceptions  that 
the  machine  expert  comes. 

A  few  are  graduates  of  technical  institutions 
but  the  majority  have  come  up  from  the 
ground,  beginning  by  running  a  machine  that 
made  a  minor  part  of  the  maciiine  whicii 
afterward  they  will  know  so  well  as  to  be 
able  to  make  one  if  given  time.  This  is  just 
what  the  expert  nmst  be  able  to  do.  If  he 
does  not,  he  can  not  successfully  prosecute  his 
work.  He  must  know  how  every  part  in  his 
machine  is  constructed,  what  its  strength,  iiow 
it  shall  be  adjusted,  how  it  shall  run  and  how 
the  whole  shall  run  when  put  together.  In 
making  repairs  he  frequently  makes  wiiji  his 
own  hands  delicate  parts.  He  is  in  reality  tiic 
professor  of  mechanics ;  lie  knows  how  it  all 
is  done  and  why. 

His  salary  may  vary  from  $20  to  $100  per 
week.  If  he  is  exceptionally  good  he  will  get 
the  latter  figure;  if  exceptionally  poor  the 
former  will  be  his  price.  His  position  varies 
as  maciiines  and  firms  vary.  In  the  best  and 
largest  he  is  a  person  of  importance ;  in  the 
smallest  lie  is  just  one  grade  above  the  com- 
mon workman.  He  occasionally  suffers  finan- 
cially during  times  of  industrial  depression  and 
sometimes  he  is  worked  to  death  on  hurry 
orders.  Generally  he  can't  keep  himself  con- 
tinually employed  and  his  vocation  is  not  more 
crowded  than  other  vocations  where  brains 
and  special  talent  are  necessary. 
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NEW  PUBLICATIONS 

Self-Propellcd  Vehicles,  a  practical  treatise 
on  all  forms  of  automobiles,  by  James  E.  Ho- 
mans,  A.  M.,  5th  Revised  Edition,  entirely  re- 
written. 598  pages,  with  500  illustrations  and 
diagrams.  Published  by  Theodore  Audel  & 
Co.,  62  Fifth  Ave.,  New  York.    , 

As  an  introduction  to  the  more  important 
parts  of  the  work  the  author  gives  a  brief 
history  of  the  motor  car,  after  which  he  takes 
up  the  subjects  of  transmission  of  power,  stear- 
ing  gear,  theory  of  the  gas  engine^  carburetters, 
gas  engine  design,  etc.  In  all  these  parts  the 
author  has  emphasized  the  practical  aspects 
of  motor  vehicles  of  all  powers,  confining  his 
space  to  the  discussion  of  matters  fundamental 
in  construction  and  management. 

The  book  is  not  confined  to  the  subject  of 
gasolene  automobiles,  but  treats  of  electrical 
and  steam  vehicles  with  equal  thoroughness. 
Recognizing,  however,  that  the  gasolene  motor 
car  is  the  typical  automobile  of  the  present 
day,  considerable  space  has  been  devoted  to 
a  complete  discussion  of  its  theory  and  opera- 
tion, and  an  extended  chapter  on  "Gasolene 
Engine  Management,"  the  latter  covering,  vir- 
tually, all  forms  of  difficulty  liable  to  occur 
under  service  conditions  is  included.  Anyone 
reading  this  chapter  can  derive  an  intelligent 
conception  of  the  requirements  of  an  expert 
driver,  and  will  find  numerous  points  of  in- 
formation, usually  obtainable  only  by  a  long 
and  varied  experience. 

All  subjects  are  most  adequately  illustrated 
and  we  should  think  the  work  admirably  suited 
as  an  educational  treatise  for  owners  and 
drivers  of  automobiles  as  well  as  for  those 
interested  in  the  manufacture  and  design  of 
these  vehicles. 


TRADE  PUBLICATIONS 
Wendell  &  MacDuffie,  26  Cortlandt  St., 
New  York— Catalog  No.  16.  24-pages,  4x9 
describing  Reinforced  Corrugated  Asbestos 
Sheathing,  which  is  now  being  used  exten- 
sively as  a  substitute  for  corrugated  iron  for 
roofing  and  siding  of  power  stations,  car- 
barns, train-sheds,  elevators,  rolling  mills,  and 
similar  structures  of  medium  cost,  or  any  build-^ 
ing  for  which  corrugated  iron  has  heretofore 
been  used.  The  catalog  also  covers  the  sub- 
jects of  "Century"  Asbestos  Shingles,  Asbestos 
Bus  Bar  Compartment  Doors,  various  methods 
of  laying  shingles,  etc.  Accompanying  the  cata- 
log is   a   handsome   colored  supplement   illus- 


trating   the    exact    appearance    of    the    above 
materials. 

Sprague  Electric  Company,  527  West  34th 
St.,  New  York. ^^— Booklets  describing  Electric 
Hoists  and  Cranes,  Electric  Motors  for  driving 
ventilating  fans  and  blowers.  Flexible  Steel 
Armored  Hose  for  steam  and  compressed  air. 

IngersolNRand  Company,  11  Broadway, 
New  York. — Catalog  No.  36,  devoted  to  Inger- 
soll-Sergeant  Air  and  Gas  Compressors.  This 
book  contains  184  pages,  covering  the  complete 
line  of  Ingersoll-Sergeant  Compressors,  a  very 
brief  description  of  each  of  the  nine  classes 
being  given,  followed  by  tables  of  sizes,  capa- 
cities, weights,  etc.,  with  illustrations  of  typical 
machines  and  representative  plants.  An  un- 
usual feature  of  this  publication  is  the  number 
of  actual  illustrations  of  machinery  covering 
almost  every  line  of  industrial  activity.  Two 
very  important  articles  of  an  engineering  char- 
acter are  included.  The  first  of  these  deals 
with  "Some  Important  Elements  of  Economy 
in  the  Straight  Line  and  Duplex  Types  of 
Compound  Air  Compressors,"  and  the  other  is 
on  "Compound  Air  Compression,"  and  goes 
exhaustively  into  the  details  of  this  important 
subject. 

Catalog  No.  91,  describing  the  Davis  Calyx 
Diamondless  Core  Drills,  for  prospecting  min- 
eral lands  and  for  bridge,  sewer,  or  subway 
soundings  and  for  drilling  artesian  wells.  This 
catalog  contains  62  pages  of  thoroughly  il- 
lustrated text  matter  and  goes  into  the  subject 
in  great  detail. 

Crandall  Packing  Company,  Palmyra,  New 
York. — Catalog,  6x9,  describing  Crandall  Pack- 
ings for  all  classes  of  service.  This  book  con- 
tains 80  pages,  is  fully  illustrated,  and  gives 
the  price  per  pound  of  each  class  of  packing, 
as  well  as  prices  on  rubber  belting,  leather 
belting,  steam  and  waiter  hose,  gage  glasseS; 
etc. 

Sullivan  Machinery  Company,  Railway  Ex- 
change Bldg.,  Chicago,  111.— Catalog  No.  55, 
158  pages,  6x9,  containing  a  full  account  of 
the  advantages  of  their  Diamond  Core  Drills 
for  prospecting  and  well  drilling.  There  is 
also  given  much  valuable  information  on  the 
cost  of  diamond  drilling,  prospecting  by  con- 
tract, records  of  performance,  etc. 

Harris  Air  Pump  Company,  62  Lombard 
St.,  Indianapolis,  Ind. — Small  booklet,  stating 
the  advantages  of  the  Harris  Air  Pump  Com- 
pany's system  for  lifting  water  from  deep  wells. 
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The  Dayton  Globe  Iron  Works  Company, 

Dayton,  Oliio. — Tables  of  Power  of  the  New- 
American  Turbine,  covering  the  Balanced 
Flutter  Gate,  Cylinder  Gate,  Wicket  Gate  and 
New  American  High  Head  Types,  as  manufac- 
tured by  this  company.  These  Turbines  are 
designed  for  water  power,  and  the  booklet  con- 
tains much  valuable  information  regarding 
weirs,  velocities  of  water,  discharge  of  water, 
and  other  data  of  value  to  users  of  water 
power. 

Hanna  Engineering  Works,  820  Elston 
Ave.,  Chicago,  111. — This  concern  is  issuing 
a  bulletin  describing  two  new  styles  of  riveters 
which  they  are  just  placing  on  the  market. 
One  is  particularly  adapted  to  boiler  and  tank 
work,  as  it  is  made  in  almost  any  reach,  gap 
and  pressure.  The  other  machine  is  a  special 
lattice  riveter  for  doing  work  in  very  close 
quarters.  Another  bulletin  issued  by  the  above 
company  is  one  describing  the  Hanna  Radial 
Reamer  for  reaming  rivet  holes  after  punch- 
ing. 

The  Ridgway  Dynamo  &  Engine  Com= 
pany,  Ridgway,  Pa. — 20-page  illustrated  bul- 
letin describing  the  McEw-en  Engine.  The 
bulletin  describes  the  construction  of  the  en- 
gine thoroughly  and  contains  many  tables  on 
horse-power  of  different  size  cylinders  and  for 
various  cut-offs. 


TECHNICAL    PUBLICITY     ASSOC- 
IATION 

At  a  recent  meeting  of  tlie  Technical  Pub- 
licity Association,  at  the  Aldine  Association 
Rooms,  III  Fifth  Ave.,  New  York,  the  sub- 
ject of  "The  Value  of  Circulars  and  Printed 
Matter"  was  taken  up.  Mr.  Frank  Vreeland 
Art  Editor  ot  the  American  Printer,  spoke  of 
the  commercial  value  of  beauty  in  typography 
and  Walter  Gilliss,  President  of  the  Gilliss 
Press,  New  York,  made  some  remarks  about 
limited  editions. 

The  companies  represented  at  the  dinner  by 
members  of  the  Association,  which  is  confined 
to  those  connected  with  the  advertising  depart- 
ments of  machinery  manufacturing  industries, 
were  as  follows :  Ingersoll-Rand  Co.,  F.  R. 
Almond  Mfg.  Co.,  Pope  Mfg.  Co.,H.  W.  Johns- 
Manville  Co.,  Yale  &  Towne  Mfg.  Co.,  John  A 
Roebling's  Sons  Co.,  American  Locomotive 
Co.,  General  Electric  Co.,  Patterson,  Gottfried 
&  Hunter,  New  York  Edison  Co..  M.  H.  Tread- 
well  Co.,  Crocker- Wheeler  Co.,  A.  S.  Cameron 


Steam  Pump  Works  and  the  Lidgerwood  Mfg 
Co. 

The  meeting  developed  into  an  "experience 
meeting,"  and  many  of  the  members  told  of 
their  methods  and  results  with  printed  matter 
and  circular  letters.  As  usual  at  the  monthly 
meetings,  several  new  members  were  elected. 


COMPRES.SED  Air  is  in  receipt  of  several  very 
attractive  miniature  catalogs  from  the  A. 
S.  Cameron  Steam  Pump  Works,  and  we 
are  informed  that  these  catalogs  are  printed  in 
numerous  languages.  The  English  edition, 
from  the  cover  view,  represents  an  oak  board 
with  panels  in  gun  metal  effect,  having  the  oak 
leaves  intertwining  the  acorn-shaped  air  cham- 
ber of  the  Cameron  pump. 

These  descriptive  catalogs  are  replete  with 
information  and  prices  regarding  the  types  of 
a  score  of  pumps  in  general  demand,  half-tone 
illustrations  and  sectional  cuts  being  used  to 
illustrate  the  mechanism. 


MR.  Francis  F.  Coleman,  formerly  with  the 
Westinghouse  and  Allis-Chalmers  Com- 
anies,  and  recently  with  the  Taylor 
Eng.  Co.,  has  joined  the  Lidgerwood  Mfg.  Co. 
as  Publicity  Manager.  Mr.  Coleman  was  at 
one  time  Editor  of  the  Electrical  Age,  and  is 
the  author  of  several  publications  of  note, 
among  which  might  be  mentioned  "The  Book 
of  The  Four  Powers"  and  "The  Power  of  the 
Subway."  Mr.  Coleman  was  the  organizer  of 
the  Machinery  Club,  and  was  active  in  bringing 
about  the  organization  of  the  United  Exhibi- 
tors' Association,  at  the  Louisiana  Purchase 
Exhibition,  where  he  represented  the  Alli.<- 
Chalmers  Company.  He  is  a  member  of  the 
Technical  Publicity  Association,  and  brings  to 
his  company  a  large  amount  of  experience  as 
well  as  an  interesting  literary  style  acquired 
during  many  years  of  service  with  the  Nezv 
York  Press  and  other  metropolitan  newspapers. 
Mr.  Coleman's  headquarters  are  at  the  main 
office  of  the  Lidgerwood  Mfg.  Co.,  96  Liberty 
St.,  New  York. 


CASSIERS    MAGAZINE 

Cassicr's  Mni^a^iiic  lias  boon  sold  by  the  es- 
tate of  the  late  Louis  Cassier  to  Henry  Har- 
rison Suplee,  for  many  years  the  technical 
editor  of  the  Engineering  Magazine,  and  James 
Van  Vorst  Colwcll,  recently  works  manager 
for  the  C.   W.   Hunt  Company,  and  the  pub- 
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Hcation  will  be  continued,  as  heretofore,  by 
the  Gassier  Magazine  Company,  3  West  Twen- 
ty-ninth street.  New  York.  The  editorial  con- 
duct of  the  magazine  will  be  in  the  hands  of 
Mr.  Suplee,  who  brings  to  this  work  a  wide 
experience,  both  in  the  practice  of  mechanical 
engineering  and  of  technical  journalism,  while 
the  business  department  will  be  directed  by 
Mr.  Colwell.  The  first  issue  of  the  magazine 
under  the  new  management  was  the  Januarj' 
number. 


LUBRICATION 


The  proper  lubrication  of  mine-car  wheels 
and  machine  parts  at  a  colliery  is  a  most  im- 
portant consideration,  and  it  is  probable  that 
few  other  individual  factors  so  directly  affect 
the  cost  of  production  per  ton.  It  is  not  logi- 
cal to  economize  in  the  various  small  items 
of  operation  and  neglect  so  important  an  action 
as  the  proper  lubrication  of  cars  and  machine- 
ry. One  authority  claims  that  about  one-half 
the  power  expended  in  mill  or  mine  is  lost  in 
overcoming  the  friction  of  lubricated  surfaces. 
He  also  adds  that  by  changing  from  a  poor  to 
a  good  lubricant  the  loss  is  cut  to  one-fourth 
the  power  expended. 

It  is  impossible  to  give  any  fixed  rules  regu- 
lating the  selection  of  a  proper  oil  for  mine 
lubrication ;  however,  it  is  generally  believed 
that  a  dark-colored  oil  is  of  greater  value  than 
one  tliat  has  been  filtered  to  a  red  or  yellowish 
color,  for  the  process  of  Alteration  is  not  only 
expensive,  but  removes  a  considerable  percent- 
age of  the  lubricating  value.  Oil  of  a  free- 
running  nature  is  best  for  engine  bearings,  as 
it  reaches  the  parts  more  quickly  than  oil  of  a 
sluggish  nature.  Where  the  bearings  are  open 
and  the  oil  is  applied  direct,  oil  of  a  ciscid 
nature  is  more  suitable. 

The  waste  incurred  in  the  lubrication  of 
mine  cars  is  hard  to  avoid  when  old-fashioned 
car  axles  are  employed,  and  this  fact  makes 
the  buyer  hesitate  before  adopting  an  ex- 
nensive  oil.  Such  action  is  not  economy  after 
all,  and  although  some  expense  is  incurred 
when  mine  cars  are  equipped  with  a  self-oil- 
ing arrangement,  where  the  oil  is  supplied, 
from  a  reservoir  in  the  axle  or  better  still  in 
the  web  of  the  wheel,  still  the  eventual  saving 
in  power  and  decrease  in  wear  and  waste  will 
more  than  balance  any  expenditure. 


I^OtltlE'SPONDEiVc 


To  the  Editor  of  Compressed  Air: 

Dear  Sir — We  wish  to  call  your  attention 
to  an  error  in  statement  of  fact,  which  oc- 
curred in  your  "Chippings"  (I  think  thatjs  the 
name)  in  the  December  number.  The  para- 
graph referred  to  states  that  the  deepest  bore 
hole  in  the  world,  some  5,950  ft.,  was  recently 
bored  in  Germany. 

There  are  at  least  two  holes  deeper  than 
this.  One  of  these,  which  was  bored  in  the 
Transvaal,  by  John  Schanke,  an  American  con- 
tractor, to  reach  the  Rand  gold  formation,  was 
completed  this  year.  A  Sullivan  Glass  P  ma- 
cliinc  was  used.  This  hole  is  6,340  ft.  in 
depth,  and  tlie  size  of  core  extracted  ranged 
in  diameter  from  2  in.  at  the  top  to  \Y^  in. 
at  the  bottom. 

The  deepest  liole  of  whicli  we  have  any  rec- 
ord was  bored  in  Silesia,  several  years  ago,  and 
is  some  6,700  ft.  deep.  We  believe  that  this 
hole  was  also  bored  by  a  diamond  drill,  al- 
though it  was  not  of  American  make. 

If  you   care   to   take  any   further  notice   of 
this  matter,  the  above  may  be  interesting. 
Yours  very  truly, 
Sullivan  Machinery  Gompany, 
(Signed),   S.   P.   King. 


To  the  Editor  of  Compressed  Air: 
Dear  Sir  : — Referring  to  your  October  issue 
of  GoMPRESSED  AiR,  and  the  article  written  by 
Edward  F.  Schaefer,  M.  M.  E.,  on  Vacuum 
Peculiarities,  I  wish  to  call  yaur  attention  to 
one  or  two  general  statements  that  do  not  ap- 
ply to  high  vacuums. 

Referring  to  page  4214.  he  states:  "The 
Compressor  Cylinders,  when  employed  for 
purposes  of  producing  vacuum,  are  seldom 
water  jacketed.     A  jacket  is  hardly  necessary. 
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since  the  air  which  is  compressed,  although 
it  has  the  same  temperature  range  as  when 
compressed  under  corresponding  ranges  above 
the  atmosphere,  has  less  capacity  for  heat,  due 
to  its  rarefied  condition.  This  lack  of  heat 
capacity  of  air  under  pressure,  below  normal, 
obviates  the  use  in  most  instances,  of  inter- 
coolers  for  "two  stage  compression."  While 
for  low  vacuums  this  is  probably  true,  but  when 
working  with  vacuums  above  27  degrees  of 
mercury,  is  is  absolutely  essential  that  the 
cylinders  be  thoroughly  water  jacketed,  in  or- 
der to  maintain  proper  lubrication.  It  is  also 
desirable  that  the  intercooler  be  used  in  two 
stage  machines  for  high  vacuum  service.  If 
water  jackets  are  not  employed,  it  takes  but  a 
very  short  time  for  the  temperature  of  the 
cylinder  to  reach  the  point  where  it  vaporizes 
the  lubricating  oil,  which,  when  mixed  with  the 
incoming  air,  forms  an  explosive  mixture  that 
is  sure  of  ignition,  if  the  vacuum  pump  is 
allowed  to  run  for  any  length  of  time.  It  would 
seem  that  this  might  not  be  expected,  because 
of  the  low  heat  capacity  of  the  air  at  this  low 
pressure,  however,  the  above  is  the  experience 
of  many  installations,  using  high  vacuums. 
Yours  very  truly, 

Charles  H.  Hillis. 


INDUSTRIAL. 


DOORS  TO    OPEN  BY    AIR 

In  connection  with  the  improvements  which 
George  S.  Rice,  chief  engineer  of  the  Rapid 
Traisit  Commission,  hopes  to  provide  for  the 
new  subways,  authority  was  obtained  from 
the  commission  for  pipe  galleries  along  the 
routes  of  the  new  lines  in  Manhattan.  Mr. 
Rice  got  permission  to  include  in  the  specifi- 
cations a  clause  which  will  call  for  cars  with- 
eut  platforms  but  with  doors  about  one-quar- 
ter of  the  length  of  the  car  at  either  end.  These 
doors  are  to  be  opened  by  compressed  air. 


The  remarkably  simple  and  sensible  sugges- 
tion is  made  at  New  York  that  the  streets 
of  the  city  be  cleaned  by  pneumatic  ma- 
chines which  would  suck  the  dust  into  hoppers. 
Machines  of  this  kind  are  used  in  Germany, 
and  their  employment  in  the  United  States 
should  not  be  long  delayed.  Most  cities  are  in 
especial  need  of  intelligent  street  cleaning  of 
this  kind.  The  heavy  streets  cars  and  the 
whirling  wind  stir  the  dust  into  the  air  until 
the  people  are  compelled  to  breathe  day  after 
day  the  germs  from  the  street  debris. 


BIG  CONTRACT  AWARDED 

The  Pennsylvania  and  the  Baltimore  and 
Ohio  Railroad  Companies,  recently,  jointly 
awarded  the  contract  for  the  interlocking  and 
signalling  of  the  terminal  station  being  built 
at  Washington,  D.  C,  to  the  Union  Switch  and 
Signal  Company  of  Swissvale,  Pa.  The  installa- 
tion will  be  electro-pneumatic,  similar  in  gen- 
eral characteristics  to  that  in  the  yards  of  the 
Pennsylvania  at  the  Union  station  in  Pittsburg. 
The  Washington  installation,  however,  will  be 
the  largest  and  most  complicated  signaling  and 
interlocking  system  ever  constructed  in  flic 
world. 

The  largest  one  previous  to  this  was  put  in 
service  at  St.  Louis  at  the  beginning  of  the 
World's  Fair,  and  previous  to  that  the  most 
important  was  the  electro-pneumatic  interlock- 
ing system  at  the  terminal  of  the  Boston  South 
Station.  Both  plants  were  also  installed  by  the 
Union  Switch  and  Signal  Company. 

Work  in  connection  with  the  terminal  im- 
provements at  Washington  is  progressing  rap- 
idly and  is  about  completed. 


TME  Traylor  Engineering  Co.,  of  New 
York  has  entered  into  a  contract  where 
by  Shirley  and  Grant,  of  Reno,  Nevada, 
become  exclusive  representatiives  of  that 
house  for  the  State  of  Nevada,  for  the  sale  of 
their  machinery  for  mining,  sampling,  rock 
and  ore  crushing,  milling,  cyaniding,  amalga- 
mating, smelting,  refining,  fuel  briquetting  and 
completed. 

A  close  relationship  has  been  established 
under  which  the  two  houses  will  co-operate 
in  designing  and  building  entire  plants,  as 
well  as  in  the  sale  of  individual  prices  of  ma- 
chinery. Shirley  and  Grant  are  well  known  in 
the  Nevada  territory,  both  as  a  firm  and  as 
individuals,  and  they  have  many  friends 
among  the  mining  fraternity. 


The  Foundation  Company  of  .New  York  is 
engaged  in  sinking  a  shaft  at  the  Syracuse 
mine  of  the  Missabe  iron  range.  The  method 
used  is  entirely  new  on  the  range  and  is  simi- 
lar to  that  adopted  in  sinking  caissons  for 
buildings  in  the  large  cities.  The  work  of  con- 
creting the  walls  of  the  old  shaft  at  the  Syra- 
cuse down  as  far  as  the  water  level  has  been 
completed.     A  roof  of'concrete  is  now    being 
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constructed  across  the  shaft  at  the  water  level. 
Through  this  roof  is  set  a  section  of  air  tight 
circular  steel  shafting  through  which  com- 
pressed air  is  admitted  to  the  workmen  below 
the  roof  and  through  which  the  workmen  will 
descend  and  ascend  to  and  from  their  work. 
The  steel  shafting  will  be  built  in  sections  to 
the  top  of  the  shaft  and  capped  with  the  section 
that  contains  the  trap  doors  through  which 
the  men  enter  and  leave  the  shaft. 

Much  difficulty  has  been  experiences  in  sink- 
ing a  shaft  at  this  property,  but  within  a  short 
time  the  contractors  hope  to  have  the  shaft 
bottomed  in  ore.  The  company  has  installed 
an  air  compressor  of  400  horse-power,  capable 
of  developing  a  capacity  of  1,600  cubic  feet 
per  minute,  a  receiving  tank,  a  smaller  com- 
pressor with  engine  for  operating  same. 


THE 


The 


LITTLE      GIANT      CORNER 
DRILL 

Chicago     Pneumatic     Tool     Company 


Fisher  Bldg.,  Chicago,  announces  that  they 
now  have  .ready  for  the  market  a  new  "Little 
Giant"  Drill  for  corner  work.     From  past  ex- 


FIG.   I.      CHICAGO    CORNER    DRILL. 

perience  in  air-tool  practice  the  company 
claims  to  be  justified  in  the  statement  that 
this  drill  surpasses  any  other  drill  for  drilling 
in  close  quarters,  and  in  corners  particularly 
the  machine  having  been  designed  especially 
for  work  of  the  latter  class.    The  parts  for  the 


No.  4  Little  Giant  Drill  interchange  with  ,the 
new  drill,  thus  insuring  quick  repairs. 

This  new  tool  weighs  but  35  pounds,  has  a 
nominal  capacity  for  drilling  ii/2-inch  holes, 
but  in  emergency  will  drive  2-inch  twist  drills 
with  satisfactory  results.  The  spindle  speed, 
when  running  light,  is  150  R.  P.  M.,  and  under 
load,  with  80  pounds  air  pressure,  100  R.  P.  M. 
The  distance  from  the  end  of  the  socket  to  the 
end  of  the  feed  screw,  when  run  down,  is  5% 
inches,   the   length   of   feed  2   inches,   and  the 


FIG.    2.      CHICAGO   MIDGET   DRILL. 

distance  from  the  centre  of  the  spindle  to  the 
outside  of  the  housing  i  s-i6-inch. 

According  to  the  claim  of  the  builders,  in 
addition  to  being  the  most  powerful  drill  ever 
built,  weight  considered,  it  possesses  advai^- 
tages  over  other  designs  of  corner  drills,  owing 
to  the  spindle  being  driven  by  gears  instead 
of  by  ratchet  and  pawl,  which  insures  steady 
and  constant  spindle  movement. 

The  accompanying  illustrations  give  a  clear 
idea  of  the  construction  of  the  drill  and  its 
neat  and  compact  appearance.  An  exterior, 
view  of  the  drill  [as  shown  in  Figure  3  and 
Figure  i  gives  a  sectional  plan  and  sectional 
elevation  which  bring  out  all  the  important 
differences  between  this  drill  and  the  Little 
Giant  drills  previously  manufactured  by  this 
company,  so  that  further  description  is  un- 
necessary. 

The  air  motor  movement  and  the  handle 
controlling  the  inlet  of  air  are  unchanged,  in 
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principle  at  least,  but  where  the  drill  spindle 
would  normally  occupy  a  position  in  line  with 
or  not  more  than  once  removed  from  the  motor 
shaft,  three  intermediate  gear  shafts  are  inter- 
posed. This  gives  an  excellent  opportunity  for 
locating  the  speed-reducing  gears  in  a  con- 
venient manner,  and  generally  compacting  the 
construction,  so  that  the  entire  machine  is  of 
short  length  taken  in  the  direction  of  the  axis 
of  the  spindle.  The  case  is  oil-tight,  to  hold 
lubricant  for  motor  and  gears. 

The  Chicago  Pneumatic  Tool  Company  are 
also  placing  on  the  market  a  most  unique  air 
drill  known  as  the  "Chicago  Midget"   (rotary 


ago  it  was  announced  that  the  Northern  Motor 
Car  Company  of  Detroit  had  under  construc- 
tion an  air-controlled  motor  car,  keen  interest 
and  curiosity  as  to  the  outcome  pervaded  auto- 
mobile circles. 

Compressed  air  is  applied  to  the  clutch  of 
Northern  Model  "L"  by  means  of  an  air  com- 
pressor operated  by  the  motor.  Air  is  con- 
ducted through  a  hollow  crank  shaft  to  the 
hollow  centre  of  the  flywheel,  which  contains 
a  steel  clutch  disc  between  two  leather  dia- 
phragm discs.  A  movement  of  a  lever  on  the 
steering  column  admits  compressed  air  to  the 
centre  of  the  clutch  at  a  pressure  of  about  75  lbs 
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FIG.   3.      EXTERIOR    VIEW    OF    LITTLE    GIANT    CORNER    DRILL. 


drill),  shown  in  Figure  2,  which  is  designedfor 
drilling  up  to  and  including  3-16-inch  holes 
in  steel.  The  weight  of  this  drill  is  only  2H 
pounds,  distance  from  the  top  of  breast  plate 
to  end  of  spindle  7%  inches,  distance  from 
the  center  of  spindle  to  outside  of  housing  i 
inch,  motor  speed  22,000  R.  P.  M.,  and  spindle 
speed  2,000  R.  P.  M. 


AIR    CONTROLLED    MOTOR    CAR 

Air  brakes  have  long  been  in  use  on  every 
railroad  in  the  country.  They  were  adopted 
because  of  their  proven  efficiencyand  their  dem- 
onstrated superiority  over  any  form  of  hand 
brake.  The  power  of  an  air  brake  is  far  in 
excess  of  a  hand  brake.  It  can  be  operated 
with  no  trouble,  no  effort.     So,  when  a  year 


to  the  square  inch,  an  aggregate  pressure  of 
about  three  tons  and  engages  the  clutch  in- 
stantly and  yet  without  any  jerking  and  jar- 
ring. When  the  car  is  started  on  the  high 
speed  not  the  slightest  change  is  felt  by  the 
driver  or  passengers.  The  air  clutch  is  an  ex- 
tremely simple  affair  and  consists  of  the  three 
main  parts  before  described.  It  is  claimed 
and  a  10,000-milc  test  is  back  of  the  claim 
that  the  car  can  be  run  through  an  entire  sea- 
son without  a  single  adjustment  of  the  clutch. 
The  clutch  being  housed  in  the  flywheel,  in  an 
airtight  compartment,  is  oil  retaining  and  no 
dirt  or  dust  can  get  in.  This  feature  alone 
makes  strong  appeal  to  the  motorist  who 
knows — who  has  had  experience  in  adjusting 
the  clutch. 
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THE  Piqua  Blower  Company  of  Piqua, 
Ohio  is  being^  incorporated  under  the 
laws  of  Ohio,  with  a  capital  of  $50,000. 
This  corporation  will  take  over  the  interests 
of  the  Piqua  Foundry  and  Machine  Company 
of  Piqua,  Ohio,  and  will  make  a  specialty  of 
the  manufacture  of  positive  blowers  and  gas 
exhausters  as  developed  by  the  later  company 
in  the  past  two  years.  As  the  machinery  of 
the  latter  firm  has  met  with  great  success,  it  is 
necessary  to  eflfect  this  reorganization  in  order 
to  take  care  of  the  large  volume  of  business 
offered. 


required.  This  packing  is  particularly  recom- 
mended for  use  with  superheated  steam  at  high 
piston  speeds. 


SUCCESSEUL  ADOPTION   OF 
COMPRESSED  AIR. 

The  Balfour  Quarry  Co.  is  successfully  em- 
ploying compressed  air  in  creating  artificial  bed 
seams  in  its  Pink  Granite  Quarry,  near  Salis- 
bury, N.  C.  Up  till  recently  it  has  been  sup- 
posed that  the  compressed  air  method  could 
not  be  used  on  this  granite,  which  is  exceed- 
ingly close  grained  and  compact.  The  beds 
so  created  are  level  and  smooth.  Recently  a 
block  containing  about  sixteen  thousand  cubic 
feet  was  detached  with  remarkably  little  waste. 


AN     INTERESTING     PISTON 
PACKING 

For  steam  and  gas  engines,  pumps,  air  com- 
pressors, &c.,  a  novel  form  of  piston  packing 
is  made  in  Glasgow.  It  consists  of  three  rings 
the  two  outer  ones  being  the  packing  rings 
proper,  while  the  inner  one  is  the  tension  ring. 
This  has  about  double  the  amount  of  spring 
power  possessed  by  the  other  two,  and  its  con- 
struction is  such  that  it  does  not  touch  the 
cylinder  walls,  its  pressure  being  transmitted 
to  the  other  two  rings  instead.  It  fits  them  at 
such  an  angle  that  the  resultant  side  pressure 
tends  to  lock  the  bearing  rings  in  the  groove, 
and  thus  produce  a  semisolid  piston.  In  this 
way  it  avoids  the  defect  common  to  steam-set 
packing  rings,  of  wearing  the  cylinder  bore 
large  at  the  ends,  where  the  steam  pressure  is 
greatest.  For  steam,  the  packing  is  made  of  a 
special  cast  iron,  and  for  water  pumps  of  a 
special  bronze.  The  construction  is  simple, 
being  straight  lathe  work,  with  no  hand  fitting 


In  the  operation  of  air  compressors  the  best 
results  are  obtained,  it  is  said,  when  the  areas 
of  the  suction  and  discharge  valves  are  equal 
and  of  such  proportions  that  the  velocity  of 
the  air  does  not  exceed  5,500  ft.  per  minute. 
On  a  compressor  running  at  a  piston  speed 
of  550  ft.  per  minute,  this  requires  a  valve 
area  equal  to  10  per  cent,  of  the  piston  area. 
The  practice  of  making  suction  valve  areas 
larger  than  those  of  the  discharge  valves  is 
not  advised,  as,  while  the  incoming  air  is 
of  greater  volume,  the  discharge  valves  re- 
main open  for  a  very  small  proportion  of  the 
stroke. 


It  is  claimed  that  when  drilling  in  sand- 
stone the  drill-bit  should  be  tapered  some- 
what and  then  flattened  instead  of  drawn  to 
a  cutting  edge.  If  a  chisel-bit  is  used  in  drill- 
ing sandstone,  the  bit  will  wear  very  sharp, 
and  will  frequently  become  fitchered. 

Rock  drill  pipe  lines,  says  the  Mining  Re- 
porter, which  have  become  choked  by  freezing 
may  be  cleared  by  turning  a  very  small 
amount  of  wood  alcohol  into  the  line.  This 
will  not  prevent  freezing  for  any  length  of 
time,  but  will  be  of  the  greatest  aid  in  loosen- 
ing frost  already  formed. 


An  interesting  example  of  the  use  of  mag- 
netism in  an  emergency  occurred  recently  in 
Philadelphia.  At  the  Mint  a  well  has  been 
bored  which  has  reached  a  depth  of  some  54 
feet.  A  few  weeks  ago  one  side  of  the  jar  rein 
of  the  drill.  18  inches  long  and  weighing  no 
pounds,  broke  off  and  wedged  crossways  in  the 
hole  at  the  bottom.  The  contractor  doing  the 
work  fished  ten  days  trying  to  recover  the 
broken  piece  without  result.  The  problem  was 
solved  by  the  construction  of  an  improvised 
electro-magnet  consisting  of  a  piece  of  steel  33 
inches  in  diameter,  on  one  side  of  which  was 
wound  a  coil  protected  by  a  copper  sheathing. 
Long  leads  were  attached  and  the  apparatus 
was  lowered  down  the  boring.  The  current. 
i>}4  amperes,  at  220  volts,  was  then  turned  on, 
and  the  magnet  was  pulled  up,  bringing  with  it 
the  broken  tool  and  all  the  metal  particles  that 
were  in  the  well  from  the  boring. 
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Where  compressed  air  is  available,  the 
small  air-hammer  drill  may  prove  to  be 
an  excellent  tool  for  use  in  sampling  a 
hard  vein.  The  machine  should  be  provided  with 
a  moil-shaped  bit,  instead  of  with  the  ordin- 
ary blunt-chisel  bit  usualh' employed  in  drilling. 
The  success  of  the  use  of  this  device  depends 
largely  upon  the  practical  sense  of  the  man 
manipulating  the  machine.  The  air-hammer 
drill  has  proved  its  usefulness  in  rapidly  drill- 
ing shallow  holes,  and  there  seems  no  good 
reason  why  in  competent  hands  it  should  not 
be  useful  in  cutting  a  channel  of  uniform  depth 
and  width  across  a  vein  of  hard  rock  of  any 
description. — Mining   and  Scientific   Press. 


ABOUT  FORGING  BITS. 

In  forging  rock  drill  bits  those  for  medium 
hard  rock  should  have  sharp  chiseled  bits.  As 
the  hardness  of  the  rock  increases,  the  angle 
of  the  bit  may  be  made  more  blunt  and  the 
cutting  edge  shaped  from  a  straight  line  to  a 
curve,  so  as  to  prevent  the  corners  from  be- 
ing chipped  off.  There  are  economies  in  the 
foregoing  bits  to  the  best  advantage  with  ref- 
erence to  the  stone  that  is  being  worked  es- 
pecially, which  would  constitute  quite  a  factor 
in  the  whole  cost  of  the  quarrying  operation, 
for  it  costs  just  as  much  to  work  w^ith  a  bit 
that  is  doing  very  little  actual  cutting  as  it 
does  to  operate  where  every  blow  is  cleaving 
straight  into  the  stone. 

The  cost  for  motive  power,  whether  it  is 
for  steam  or  compressed  air  and  the  wages  of 
the  man  working  the  drill  goes  on  just  the 
same,  whether  he  is  idly  pounding  or  whether 
his  tool  is  ..cutting  properly.  A  little  exper- 
imentation on  the  part  of  the  man  who  forges 
the  tools  is  in  order  in  many  quarries  where 
the  thing  is  being  done  in  a  slipshod  manner. 
It  is  very  easy  to  find  out  just  what  kind  of  a 
bit  yields  the  best  result,  and  this  should  be 
the  pattern  for  all  other  bits  working  in  the 
same  kind  of  strata.  Of  course  in  most  large 
quarries,  the  rock  varies  considerably,  and 
it  is  well  for  the  man  who  operates  the  drill 
to  change  his  bit  to  suit  the  specific  kind  of  a 
cut  that  he  is  making.  The  man  who  forges 
the  bits  should  have  every  kind  that  will  be 
called  for,  provided  to  be  furnished  on  a 
moment's  notice. 


According  to  the  Engineering  Record,  com- 
pressed air  locomotives  are  used  in  handling 
the  11,700  tons  of  ore,  limestone,  coke  and 
coal  brought  daily  to  the  Washoe  plant  of  the 
Anaconda  Copper  Mining  Co.  Counting  re- 
handled  materials  twice,  more  than  13,000  tons 
are  handled  about  the  works  by  means  of  thir- 
teen compressed-air  locomotives,  twelve  weigh- 
ing 13  tons  each,  and  one,  21  tons.  Each 
locomotive  carries  two  storage-tanks  for  its 
air-supply,  the  air  being  taken  from  a  pressure- 
system  of  pipes  laid  conveniently  to  the  tracks, 


and  having  stations  at  which  the  locomotive 
stops  to  get  its  air-suppl3^  This  supply  is  car- 
ried at  from  800  to  900  lbs.  per  square  inch. 
A  reducing-valve  between  the  storage-tanks 
and  the  cylinder  reduces  the  pressure  to  150 
lbs.  A  fresh  supply  of  air  is  taken  at  times 
ranging  from  twenty  to  sixty  minutes.  For 
this  particular  service,  where  the  distances  run 
are  short,  and  where  the  cars  are  frequently 
stopped  and  started,  the  compressed-air  loco- 
motives have  been  most  satisfactory,  for  con- 
venience, reliability  and  simplicity  of  opera- 
tion. They  have  been  in  constant  service  since 
1900,  and  have  needed  only  the  natural  run- 
ning-repairs. They  are  operated  over  tracks 
aggregating  48  miles  in  length,  which  are  dis- 
tributed over  the  side-hill  location  of  the 
works  about  half  a  mile  square.  The  present 
locomotives  have  been  able  to  stand  the  hard- 
est and  roughest  usage  with  but  little  injury. 
Under  like  conditions,  it  is  believed  that  elec- 
tric locomotives  would  have  had  coils  burned 
out,   short-circuiting  and  other  troubles. 


THE  weakest  point  in  electrical  transmis- 
sion, is  the  absence  of  proper  means  for 
storing  electrical  energy  on  a  large  scale 
at  a  reasonable  cost.  This  requires  that  the 
whole  plant  be  capable  of  supplying  current  at 
the  greatest  rate  still  likely  to  be  called  for  at 
any  moment,  and  still  provide  an  ample  re- 
serve of  capacity  in  case  of  a  break  down  in 
any  part  of  the  system.  In  this  connection,  the 
advocates  of  gas  claim  that  this  latter  power 
can  be  readily  and  cheaply  stored  in  quantity, 
for  any  desired  length  of  time,  and  used  at 
whatever  moment  and  in  any  amount  without 
deterioration  or  loss.  The  plant,  if  necessary, 
may  be  shut  down  for  a  time  without  inter- 
rupting the  supply.  Until  recently,  however, 
it  has  not  been  considered  possible  to  convey 
gas  with  any  success  over  long  distances.  This 
has  been  due  to  a  lack  of  eflRcient  compres- 
sors, and  of  pipes  and  joints  not  capable  of 
withstanding,  without  excessive  leakage,  the 
pressures  which  would  have  had  to  be  em- 
ployed. With  air  compressors  having  a  total 
efficiency  as  high  as  77  per  cent.,  and  steel 
pipes  capable  of  carrying  high  pressures  and 
obtainable  in  longer  lengths,  thus  reducing 
the  number  of  joints,  gas  is  becoming  a  power 
which  in  many  cases  compares  favorably  with 
electricity. — Engineering   and   Mining   Journal. 
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PROPORTIONING     CONCRETE 

In  a  paper  bj'  Sanford  E.  Thompson,  read 
before  the  Boston  Society  of  Civil  Engineers, 
the  author,  after  discussing  various  methods 
and  tests,  offers  the  following  suggestions  as 
guides   to  proportioning  concrete : 

1.  The  size  of  the  largest  stone  in  the  ag- 
gregate should  be  as  great  as  is  consistent 
with  proper  placing  of  the  concrete. 

2.  If  size  of  stone  is  small,  a  richer  mix- 
ture must  be  used;  thus  i  :  3  :  6  is  a  fairly  rich 
mix  with  2-inch  stone,  but  a  lean  mix  with 
5'^-inch  stone. 

3.  If  sand  is  fine,  a  smaller  quantity  may 
be  used  in  proportion  to  the  stone. 

4.  For  concrete  a  sand  with  too  large  a 
percentage  of  verj^  coarse  grains  may  be  det- 
rimental because  they  will  not  fit  into  the 
voids  of  the  coarse  aggregate. 

5.  If  the  broken  stone  or  gravel  contains 
fine  stuff,  a  smaller  proportion  of  sand  must 
be  used. 

6.  Better  proportions  are  obtained  in  prac- 
tice by  screening  the  sand  or  dust  from  the 
coarse  material  and  remixing  in  required  pro- 
portions, than  by  using  the  run  of  the  bank  or 
the  run  of  the  crusher. 

7.  If  the  mortar  in  concrete  is  rich,  say,  up 
to  1 :2^,  sand  should  be  coarse,  with  com- 
paratively few  fine  grains.  A  lean  mortar, 
on  the  other  hand,  is  improved  not  only  in 
strength  but  in  smoothness  of  working,  by 
using  a  sand  containing  dirt  or  dust. 

8.  If  fine  sand  must  be  used,  the  propor- 
tions must  be  richer  than  for  coarse  sand,  be- 
cause a  fine  sand  makes  a  mortar  of  lower 
density. 


MACHINE  AND  HAND  DRILLING. 

The  rate  at  which  a  tunnel  can  be  driven 
by  means  of  rock-drills  may  be  safely  taken 
at  double  the  speed  of  hand-work.  Thus,  in 
driving  the  Vosburg  tunnel  (8  by  20  ft.)  on  the 
Lehigh  Valley  Railroad,  through  a  uniform 
hard  gray  sandstone,  by  hand  drilling,  the 
progress  was  67  ft.,  while  by  machine-drilling 
it  was  173  ft.  monthly.  For  driving  or  for 
sinking,  rock-drills  are  far  superior  to  hand- 
labor,  both  in  speed  and  in  economy.  For 
stopping,  however,  except  in  wide  stopes,  the 
differences  are  not  so  marked,  as  it  is  difficult 
to  maneuver  a  machine  in  places  where  a  man 
can  hardly  find  room  to  work  with  a  single- 
h.ind   hammer.     The   great    advantage   in   the 


use  of  rock-drills  is  undoubtedly  the  increased 
speed  with  which  a  mine  can  be  developed  and 
ore  reserves  created,  since,  for  cost  per  yard, 
there  is  not  much  difference  between  either 
that  or  hand-drilling.  The  point  is  a  little  dif- 
ficult to  decide,  but  it  would  be  safe  to  say 
that  the  average  cost  per  yard  by  either  sys- 
tem is  the  same  for  ordinary  mine  drifts, 
while,  for  full-sized  tunnels,  machine-drilling 
is  cheaper. — Mining  and  Scientific  Press. 


AT  several  mines  in  Europe  small  com- 
pressors, electrically  driven,  have  been 
installed  underground,  each  compressor 
serving  a  group  of  drills.  The  compressor 
motor  and  receiver  are  sometimes  arranged 
on  a  truck,  which  can  be  moved  to  follow  the 
development  of  the  mine.  The  electrical  cable 
is  wound  on  a  drum,  enabling  the  easy  adjust- 
ment of  the  length. 

The  efficiency  of  these  installations  has  been 
found  very  good.  By  this  method  the  theo- 
retical advantage  of  the  electric  drill  is  ap- 
proached,while  the  practical  advantage  of  the 
air  drill  is  retained. — Engitieering  and  3/itiing 
Journal. 


Where  compressed  air  is  used,  the  initial 
energy  may  be  restored  by  adding  a 
slight  amount  of  heat  to  the  air  at  the 
point  of  application;  in  fact,  the  employment  of 
a  re-heater  increases  the  volume  to  such  an  ex- 
tent that  additional  energy  is  gotten  when  air  is 
used  expansively  at  a  rate  of  i  H.  P.  per  lb. 
of  coal.  In  mine  operations  the  re-heater  is 
never  pushed  to  its  limit,  so  that  it  will  not 
interfere  with  the  comfort  and  health  of  the 
men.  Compressed  air  is  only  raised  in  tem- 
perature slightly  to  make  up  for  the  trans- 
mission   drop    in    pressure. 


IN  compressed-air  haulage  no  serious  diffi- 
culty from  freezing  in  the  exhaust  passages 
of  the  locomotive  will  be  encountered  if 
high  pressures  are  used.  Only  in  case  of  low 
pressure  will  freezing  occur.  Where  higher 
pressure  is  used,  practically  allot  the  moisture  is 
squeezed  out  of  the  air  in  the  process  of  com- 
pression and  deposited  in  the  stationary  stor- 
age, or  in  the  tanks  on  the  locomotive,  whence 
it  can  be  drawn  off  at  intervals.  The  only  oth- 
er cause  of  freezing  may  be  the  use  of  a  poor 
quality  of  oil. 
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835,936.       PNEUMATIC     HAMMER.       Charles     T. 
Carnahan  and  Jeremiah  Murphy,  Derrver,  Colo.; 
said    Murphy    assignor    to    said    Carnahan.      Filed 
June   28,    1906.      Serial    No.    323,944. 
Claim. — A  pneumatic  hammer  comprising  a  throttle- 
valve    mechanism    positioned    at    right    angles    with    re- 
spect to  the  cylinder   of   the   hammer,    said   mechanism 
having  as  a  part  thereof,  an  air-inlet  nipple  extending 
at  right  angles  with  respect  thereto. 
836,101.      APPARATUS    FOR   CIRCUL.ATING   LIQ- 
UIDS   IN    DYE-VATS.      Louis    Dumons,    Rou- 
baix,    France.      Filed    Tune    12,    1903.      Serial    No. 

836, 1'os'.''^ LOAD-BRAKE  APPARATUS.  Clyde  C. 
Farmer,  Chicago,  111.,  assignor  to  Westinghouse 
Air  Brake  Company,  Wilmerding,  Pa.,  a  Corpora- 
tion of  Pennsylvania.  Filed  Feb.  17,  1904.  Serial 
No.   194,109. 

836,124.  LOAD-BRAKE  APP.\RATUS.  Harry  R. 
Maso.v  and  Clyde  C.  Farmer,  Chicago,  111.,  as- 
signors to  Westinghouse  Air  Brake  Company,  Wil- 
merding, Pa.,  a  Corporation  of  Pennsylvania. 
Filed   Feb.    17,    1904.      Serial    No.    194,101. 

836,160.  FLUID-PRESSURE  BRAKE.  Henry  II. 
Westinghouse,  Pittsburg,  Pa.,  assignor  to  The 
Westinghouse  Air  Brake  Company,  Pittsburg,  Pa., 
a  Corporation  of  Pennsylvania.  Filed  Feb.  19, 
1904.      Serial   No.    194,^48. 

836,215.  TUNNEL  CONSTRUCTION  AND  METH- 
OD AND  APPARATUS  FOR  FORMING  THE 
SAME.  Jesse  W.  Reno,  New  York,  N.  Y.  Filed 
March  5,    igo6.      Serial  No.  304,310. 

836,258.  REDUCING-VALVE.  Josef  Hubner  and 
IsiDOR  Mayer,  \'ienna.  .Austria-Hungary.  Filed 
Feb.    19,   1906.     Serial   No.   310,918. 

836,268.  AIR-CUSHION  FOR  PRINTING- 
PRESSES.  Robert  Miehle,  Chicago,  111.  Filed 
Dec.  19,  1902.  Renewed  Sept.  26,  1904.  Serial 
No.  225,975. 

836,306.  REDUCING-VALVE.  Harry  F.  Cunning, 
Roanoke,    \'a.      Filed   June    19,    1906.      Serial    No. 

«36,32o"'.'  PNEUMATIC  BOBBIN-CONVEYER  FOR 
MILLS.  Patrick  J.  Hanlon,  Leicester,  Mass. 
Filed  May  2,    igof).      Serial   No.   314,771. 

836,344.  AIR-BRAKE  COUPLING.  Carl  Schu- 
macher, Newport,  Ky.  Filed  June  11,  1906.  Se- 
rial   No.    32T,2t5. 

836,524.      PNEUMATIC   LIFE-SAVING   SUIT.      Ed- 
ward   Morrell,    .San    Quentin,    Cal.      Filed    June 
14,    1904.      .Serial    No.   212,577. 
836,532.       PNEUMATIC    GUN    OR     RIFLE.     James 
Picken,    Port  William,   Scotland,   assignor  of  one- 
half    tn     .\rthur     .Mian,     Jr.,     Glasgow,     Scotland. 
Filed  Dec.   30,    1902.     Serial   No.    137,11s. 
836,624.       AIR     CO.MPRESSING     AND     COOLING 
APP.\RATUS.      Rudolf   Berg.    Pittsburg,    Pa.,   as- 
signor of  one-half  to  Ferdinand  Wenig,    Pittsburg, 
Pa.      Filed  .April   22,    1905.      Serial   No.   256,836. 
Claim.— lt^  an  air  compressing  and  cooling  apparatus, 
the  combination  of  two  casings  of  cross  shape  arranged 
sidewise  of  each  other,  a  horizontal  cylindi-r  supported 
at  the  meeting  joint  of  said  casings,  said  cylinder  being 
open  at  both  ends,  a  piston  reciprocating  In  said  cylin- 
der, spiral  isothermal  coils  supported  in  the  lower  parts 
of    the    extension-cylinders,    of   the    casings,    discharge- 
valve   chambers    supported    on    said   extension-cylinders 
and   axiallv   in    line   therewith,    suction-tubes   extending 
through     the     extension-cylinders     and     discharge-valvc 
chambers,    fillet-rings    located    on    said    suction-tubes    in 


the  discharge-valve  chambers,  suction-vales  located  on 
the  lower  parts  of  the  suction-tubes,  discharge-valves 
guided  on  said  fillet-rings,  perforated  valve-scats  for 
the  suction  and  discharge  valves,  the  suction-valve 
seats  being  located  at  the  lower  ends  of  the  suction- 
tubes  and  the  discharge-valve  seats  in  the  bottom  part 
of    the    discharge-chambers. 

836,630.      PUNCH   OR    RIVETER.      Samuel   S.    Cas- 
KEY,  Philadelphia,  Pa.     Filed  Feb.  7,  1903.     Serial 
No.  142,330. 
C/aim.— In    a    riveter    or    punch,    a    stationary    non- 
compressible  reservoir  adapted  to  normally  contain  oil 
or   other    liquid   and    communicating   directly    with    the 
riveting-chamber,    and    having    an    outlet    in    proximity 
to    the    central    portion    of    said    reservoir,    said    outlet 
being    normally    always    beneath    the    surface    of    said 
liquid,    and    means    for   admitting   a    slight    leakage    of 
compressed  air   upon  the  surface  of  said  liquid. 
836,682.      AIR-BRAKE    SYSTEM.      George    R.    Hen- 
derson   and    Walter    V.    Turner,    Topcka,    Kans., 
assignors    to    The    Westinghouse    Air    Brake    Com- 
pany,   Pittsburg,    Pa.,    a    Corporation    of    Pennsvl- 
vania.     Filed  Nov.   13,   1902.     Serial  No.   i3i,24o'^A. 
836,705.     AIR-BRAKE   SIGN.AL  SYSTEM.     Thomas 
J.    Quirk,    Buffalo,   N.    Y.      Filed  June   20,    1906. 
.Serial   No.   322,587. 
836,716.     PNEUMATIC  WHEEL.     George  H.  Tread- 
cold,    Port    Huron,    Mich,      Filed    Dec.    16,    1905. 
Serial    No.    292,061. 
836.720.      REGUL.ATOR-VALVE    FOR    AIR-BR.AKE 
S\  STEMS.     Walter  V.  Turner,  Topeka,   Kans., 
assignor    to    The    Westinghouse    .Air    Brake    Com- 
pany,   Pittsburg,    Pa.,    a    Corporation    of    Pennsyl- 
vania.    I'ilcd  Jan.  2,    1903.     Serial   No.    i37,5c;4. 
836,772.     PROCESS  OF  MANUFACTURING  PNEU- 
MATIC   TIRES.      Arthur    H.     Marks,    Akron. 
Ohio.     I- lied  Jan.   13,    1906.     Serial  No.  205,952. 
836.778.    PNEUM.ATIC  HAMMER.    Allen  T    Patch, 
Beloit,     Wis.,     assignor     to     Fairbanks,     Morse     & 
Company,   Chicago,   111.,  a   Corporation  of  Illinois. 
Filed  July  6,   1904.     Serial  No.  215,555. 
Claim. — In   a   pneumatic   hammer   a   cylindrical   shell 
vahe  provided  with  three  seating  surfaces  and  an   in- 
clined surface,  in  combination  with  a  valve  seat  having 
an  annular  passage  adapted  to  be  closed  by  said  valve 
in  one  position  and  opened  by  the  shifting  of  said   in- 
clined surface,  substantially  as  described. 
836,824.      ROCK-DRILL    1?IT.      Tohn    B.    Pace,    New 
\oik,    N.    Y.      Filed    Nov.    21,    1905.      Serial    No. 
288,347. 
836,846.       ROCK-DRILL.      William    C.    Whitcomb. 
Chicago,    111.      Filed    Nov.    2,     1905.      Serial    No 
285,617. 
836,883.      BL^RNER.     Benjamin   F.  Jackson.   Boston, 
-Mass.,  assignor   to    Boston   Crude  Oil    Burner  Co- 
Boston,    Mass.,    a    Corporation    of    Maine.       Filed 
July   8.    1904.      Serial    No.   215,709. 
836,886.      QUICK-RECHARGING   TRIPLE    \'.\LVE. 
William    B.    Mann,    Baltimore,    Md.,    assignor    to 
.American    .Air-Brake    Company,    a    Corporation    of 
New    Jersey.       Filed    Julv     i.     1903.       Serial    No. 
163,940. 
836.073-     SYSTEM  OF  MOTOR  CONTROL.     Georgk 
IL   Hill,   Schenectady,   N.   Y.,  assignor  to  General 
Electric    CVimpany,    a    Corporation    of    New    York. 
Filed   May  20,    1905.     Serial   No.   261.293. 
836,981.       TRAI.XCONTROL     SY.STEM.   "    Charles 
K.     Lord,    Cincinnati.    Ohio,    assignor    to    General 
Electric    Company,    a    Corporation    of    New    York. 
Filed    Oct.    i,    1004.      .Serial    \o.    226,740 
R37,o^7-     -MOTOR-CONTROL  APP.\RATUS.     Frank 
K.   Case,   Schenectady,   N.   Y.,   assignor  to  General 
Electric    C"ompany,    a    Corporation    of    New    York. 
Filed   .April    17,    1905.      Serial    No.   25 5. 868 
837.0R6.    PNEUMATIC  CUSHION  FOR  VEHICLES 
Andrew    M.    Lockett.    New    Orleans,    La.      Filed 
.April   28.    1006.     Serial   No.   314,162. 
8  3  7. 00 8.       HOSE-COUPI.INC.     FOR     R.AILROAD- 
TR.AINS.      .Vlkxander    I".    Morton.    Pittsburg.    Pa 
Fileil   Sept.   20.    1006.     Serial  No.  316,78!; 
837.118.     ROCK-DRILL.     Joseph  T.  Rekar.  San  Fran- 
cisco     (  al.       1-iled     .\pril     13,     1006.       Serial     No. 
31 1,461. 
837.207.       MASSAGE-PUMP.       Henry     P.     Evgelh. 
Cleveland,    Ohio,    assignor    to   The    H.    P.    Engeln 
Company,  Cleveland.   Ohio,  a  Corporation  of  Ohio 
Filed    Sept.    20.    looi.      Serial    No.    226,182. 
837.327      MECHANISM     FOR     UNLOADING     AIR 
COMPRESSORS.      Henry   P.   Morgan,    Norwalk. 
Conn.,     ass-gno'     t>     Ti-       N   rwi''      1 
Company.    .South    Norwalk.    Conn.,    a    Corporation 
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of  Connecticut.     Filed  Aug.   12,   1905.     Serial  No. 

273.905-  ,  ..     .         ,         . 

Claim. — I.   In  an  apparatus  for  relieving  the  pistons 

of   a   multiple-stage   compressor,    the   combination    with 

an   inlet-valve  of  each   cylinder,   of  a  plunger   located 

adjacent   to   and   adapted   to   be   actuated   by   air-pres- 


sure  for  rendering  inactive  each  inlet-valve,  a  con- 
nection for  air  extending  between  the  discharge  of 
the  high-pressure  cylinder  and  each  plunger-chamber, 
a  valve  normally  closing  the  air-passage  through  said 
connection,  a  piston  adapted  to  open  this  valve,  a 
connection  for  air  for  actuating  said  piston,  and  a 
valve  set  to  open  at  the  desired  pressure  in  the  con- 
nection to  the  piston-cylinder,  substantially  as  speci- 
fied. 

Clark  J.  Smith,  Ottum- 
to  The  Hardsocg  Wonder 
Iowa.      Filed   July   5,    1906. 


837,347.     ROCK-DRILL, 
wa,     Iowa,     assignor 
Drill    Co.,    Ottumwa, 
Serial  No.  324,804. 
Claim. — I.   In     a     rock-drill,     the     combination     with 
the  hammer-barrel  and  the  hammer,  said  barrel  having 
an    inlet   and    an    exhaust   chamber,    of   a    drill    having 
an   longitudinal   passage  therethrough   and  held   in   one 
end  of  said  hammer-barrel,  said  barrel  having  a  water- 
chamber,   means   for   admitting   water   into   said   water- 
chamber    to    pass    through    said    drill,     said    hammer- 
barrel    having   a   valved    passage   between    the    exhaust 
and    the    water    chambers,    and    means    for    controlling 
the    water    admission    to    the    water-chamber,    substan- 
tially as  shown  and  described. 

837,358.  LOCAL-APPLICATION  AND  EQUAL- 
IZING VALVE.  Walter  V.  Turner  and  David 
M.  Lewis,  Raton,  N.  Mex.,  assignors  to  The 
Westinghouse  Air  Brake  Company,  Pittsburg, 
Pa.,  a  Corporation  of  Pennsylvania.  Filed  Oct. 
4,  1902.  Renewed  March  24,  1905.  Serial  No. 
251.847- 
837,369-  ELECTRO-PNEUMATIC  BRAKE.  Ed- 
ward Wright,  Edgewood  Park,  and  Walter  V. 
Turner,  Wilkinsburg,  Pa.,  assignors  to  The 
Westinghouse  Air  Brake  Company,  Pittsburg,  Pa., 
a  Corporation  of  Pennsylvania.  Filed  March  20, 
1905.  Serial  No.  250,988. 
837,416.     AIR-BR.\KE.      Hugh    M.    Marsh,    Chicago, 

111.     Filed  Julv   16,   1906.     Serial  No.   326,402. 
837.458.     PNEUMATIC.     TIRE       Harry     C.     Fair- 
CHILD,    Passaic,    N.    J.      Filed    March    30,    1905. 
Serial  No.   252,862. 
837,772.     SAFETY-VALVE       FOR        PNEUM.\Tir 
TIRES,  William  S.  Arnold.  San  Francisco,  Cal. 
Filed   Tune  2,    1906.      Serial   No.    319,949. 
837,856.     PNEUMATIC     TOOL.        Herman      Leine- 
WEBER,    South    Chicago,    111.,    assignor    of   one-half 
to   William    M.    Bavnc,    Chicago,    111.      Filed    Aug. 
27,   1906.     Serial  No.   332,124. 
Claim.— I.   In     a     pneumatic    tool,     the    combination 
of   a  casing   carrying  at   one    end   the   tool,   a   recipro- 
cating  piston    in    the    casing,    air-chambers    in    the    op- 
posite  ends   of   said   casing,    between   which   the   piston 
works,    one    of    said    chambers    having   a    supplemental 
inlet-port    communicating    with 

COPY  MISSING 

837.990.  VALVE-GEAR  FOR  PNEUMATIC  ROCK- 
DRILLS.  Carl  Weidman,  Wurselen.  Germany, 
assignor  of  one-half  to  Paul  Hoffman.  Eiserfeld, 
near  Siegen,  Westphalia,  Germany.  Filed  June 
17.    1905.      Serial    No.    265.649. 

838,103.  CAR  AND  AIR-BRAKE  HOSE-COUPL- 
ING. William  W.  Gordon,  Washington,  D.  C. 
Filed  Aug.   15,   1906.     Serial  No.  330,724. 


838,106.  PNEUMATIC  CUSHION  FOR  VEHICLE- 
SPRINGS.  Caleb.  S.  Gurney,  Portsmouth, 
N.  H.  Filed  Dec.  18,  1905.  Serial  No.  292,315. 
838,138.  AUTOMATIC  APPARATUS  FOR  PRE- 
VENTING COLLISION  OF  RAILWAY 
TKAI.\>.      Maurice   I'rivat      \ii.y  M.'r  1  la    . 

Filed  Jan.   23,    1904.      Serial  No.    190,368. 
838,140.     AIR-COMPRESSOR.      Lebbeus   H.    Rogers, 
New    York,    N.    Y.      Filed    Feb.    2,    1905.      Serial 
No.   243,868. 
Claim. — ^^i.   In    a    compressor,     a    cylinder,     a    drum 
revolving  in   said  cylinder,   a  piston    in   said  drum,   an 
oil-chamber,    a   conduit   leading   therefrom   to    the    rear 
of   said   piston,   and  means   operated   by   the   drum   for 
delivering   oil   from   said   cylinder  to    said   oil-chamber. 


838,141.  SIGNAL  APPARATUS.  Hermann  Sand- 
voss,  Neuss,  Germany.  Filed  April  5,  1906. 
Serial   No.   309.983. 

838,308.  STOP-COCK  FOR  AIR-BRAKE  SYS- 
TEMS. Samuel  H.  Dunning,  Paterson,  N.  J. 
Filed  April    7,    1906.      Serial   No.   310,514. 

838,336.  AIR-LOCK.  Henry  Japp,  New  York,  N. 
Y.,  assignor  to  S.  Pearson  &  Son,  Inc.,  Long 
Island  City,  N.  Y.,  a  Corporation  of  New  York. 
Filed  April   20,    1906.      Serial   No.   312,936. 

838,337-  VALVE  FOR  AIR-LOCKS  AND  THE 
LIKE.  Henry  Japp,  New  York,  N.  Y.,  as- 
signor to  S.  Pearson  &  Son,  Inc.,  Long  Island 
City,  N.  Y.,  a  Corporation  of  New  York.  Filed 
Sept.    10,    1906.      Serial    No.    334,009. 

838.363.  POWER-HAMMER.  Harry  B.  Stocks, 
Manchester.  England,  assignor  to  The  Climax 
Patents  Limited,  Manchester,  England.  Filed 
Aug.   31,    1905.      Serial   No.   276,600. 

838,42.  COMPRESSED-AIR  RAILWAY  -  TRAIN 
BRAKE.  Adolph  A.  Osoling,  St.  Petersburg, 
Russia,  assignor  to  Oscar  Mietens,  .St.  Peters- 
burg.   Russia.      Filed   May    31,    1906.      Serial    No. 

838,458.'  ROTARY  COMPRESSOR  OR  PUMP. 
Lebbeus  H.  Rogers,  New  York,  N.  Y.  Filed 
Sept.    9,    1904.      Serial    No.   223,913. 
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